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Ɂɛɨɪɧɢɤ ɧɚ ɬɪɭɞɨɜɢ: 




Ɂɞɪɭɠɟɧɢɟ ɧɚ ɪɭɞɚɪɫɤɢ ɢ ɝɟɨɥɨɲɤɢ ɢɧɠɟɧɟɪɢ ɧɚ Ɋɟɩɭɛɥɢɤɚ Ɇɚɤɟɞɨɧɢʁɚ 
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Ƚɥɚɜɟɧ ɢ ɨɞɝɨɜɨɪɟɧ ɭɪɟɞɧɢɤ: 
ɉɪɨɮ. ɞ-ɪ Ⱦɟʁɚɧ Ɇɢɪɚɤɨɜɫɤɢ 
 
ɍɪɟɞɧɢɤ: 
Ⱦɨɰ. ɞ-ɪ ɋɬɨʁɚɧɱɟ Ɇɢʁɚɥɤɨɜɫɤɢ 
 
Ɂɚ ɢɡɞɚɜɚɱɨɬ: 
ɦ-ɪ Ƚɨɪɚɧ ɋɚɪɚɮɢɦɨɜ, ɞɢɩɥ.ɪɭɞ.ɢɧɠ. 
 
Ɍɟɯɧɢɱɤɚ ɩɨɞɝɨɬɨɜɤɚ: 
Ⱦɨɰ. ɞ-ɪ ɋɬɨʁɚɧɱɟ Ɇɢʁɚɥɤɨɜɫɤɢ 
 
ɂɡɪɚɛɨɬɤɚ ɧɚ ɧɚɫɥɨɜɧɚ ɫɬɪɚɧɚ: 











CIP - Ʉɚɬɚɥɨɝɢɡɚɰɢʁɚ ɜɨ ɩɭɛɥɢɤɚɰɢʁɚ 




ɋɌɊɍɑɇɈ ɫɨɜɟɬɭɜɚʃɟ ɫɨ ɦɟѓɭɧɚɪɨɞɧɨ ɭɱɟɫɬɜɨ   ɉɈȾȿɄɋ-ɉɈȼȿɄɋ'16 (8; 2016; ɋɬɪɭɦɢɰɚ) 
Ɍɟɯɧɨɥɨɝɢʁɚ ɧɚ ɩɨɞɡɟɦɧɚ ɢ ɩɨɜɪɲɢɧɫɤɚ ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɧɚ ɦɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ: ɡɛɨɪɧɢɤ ɧɚ ɬɪɭɞɨɜɢ / IX 
ɫɬɪɭɱɧɨ ɫɨɜɟɬɭɜɚʃɟ ɫɨ ɦɟѓɭɧɚɪɨɞɧɨ ɭɱɟɫɬɜɨ ɉɈȾȿɄɋ-ɉɈȼȿɄɋ'16 11-13.11.2016 ɝɨɞɢɧɚ ɋɬɪɭɦɢɰɚ; 
[ɝɥɚɜɟɧ ɢ ɨɞɝɨɜɨɪɟɧ ɭɪɟɞɧɢɤ Ɂɨɪɚɧ ɉɚɧɨɜ, ɋɬɨʁɚɧɱɟ Ɇɢʁɚɥɤɨɜɫɤɢ]. - ɒɬɢɩ: 
ɇɍ ɍɧɢɜɟɪɡɢɬɟɬɫɤɚ ɛɢɛɥɢɨɬɟɤɚ “Ƚɨɰɟ Ⱦɟɥɱɟɜ”, 2016-258 ɫɬɪ.: ɢɥɭɫɬɪ.; 30 ɫɦ 
 
Abstracts ɤɨɧ ɬɪɭɞɨɜɢɬɟ. - Ȼɢɛɥɢɨɝɪɚɮɢʁɚ ɤɨɧ ɬɪɭɞɨɜɢɬɟ 
 ISBN 978-608-242-019-6 
 
ɚ) Ɋɭɞɚɪɫɬɜɨ – ȿɤɫɩɥɨɚɬɚɰɢʁɚ – Ɇɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ – ɋɨɛɢɪɢ 
COBISS.MK-ID 99826186 
 
Сɢɬɟ ɩɪɚɜɚ ɢ ɨɞɝɨɜɨɪɧɨɫɬɢ ɡɚ ɨɞɩɟɱɚɬɟɧɢɬɟ ɬɪɭɞɨɜɢ ɝɢ ɡɚɞɪɠɭɜɚɚɬ ɚɜɬɨɪɢɬɟ. Нɟ ɟ 
ɞɨɡɜɨɥɟɧɨ ɧɢɬɭ ɟɞɟɧ ɞɟɥ ɨɞ ɨɜɚɚ ɤɧɢɝɚ ɞɚ ɛɢɞɟ ɪɟɩɪɨɞɭɰɢɪɚɧ, ɫɧɢɦɟɧ ɢɥɢ 




ɁȾɊɍɀȿɇɂȿ ɇȺ ɊɍȾȺɊɋɄɂɌȿ ɂ ȽȿɈɅɈɒɄɂɌȿ 








ɍɇɂȼȿɊɁɂɌȿɌ “ȽɈɐȿ ȾȿɅɑȿȼ” - ɒɌɂɉ 
ɎȺɄɍɅɌȿɌ ɁȺ ɉɊɂɊɈȾɇɂ ɂ ɌȿɏɇɂɑɄɂ ɇȺɍɄɂ 






ɉɪɨɮ. ɞ-ɪ Ɂɨɪɚɧ Ⱦɟɫɩɨɞɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ɂɨɪɚɧ ɉɚɧɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ⱦɟʁɚɧ Ɇɢɪɚɤɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ɍɨɞɨɪ Ⱦɟɥɢɩɟɬɪɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ȼɥɚɝɨʁ Ƚɨɥɨɦɟɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ɉɪɰɟ ɋɩɚɫɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
Ⱦɨɰ. ɞ-ɪ ɋɬɨʁɚɧɱɟ Ɇɢʁɚɥɤɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ, Ɋ. Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ɋɥɨɛɨɞɚɧ ȼɭʁɢќ, Ɋɭɞɚɪɫɤɢ ɂɧɫɬɢɬɭɬ, Ȼɟɥɝɪɚɞ, Ɋ. ɋɪɛɢʁɚ. 
ɉɪɨɮ. ɞ-ɪ Ɇɢɥɨɪɚɞ ȳɨɜɚɧɨɜɫɤɢ, ɍɄɂɆ, Ƚɪɚɞɟɠɟɧ ɮɚɤɭɥɬɟɬ, ɋɤɨɩʁɟ, Ɋ. 
Ɇɚɤɟɞɨɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȼɢɬɨɦɢɪ Ɇɢɥɢќ, Ɍɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ ɜɨ Ȼɨɪ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ɋɚɞɨʁɟ ɉɚɧɬɨɜɢќ, Ɍɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ ɜɨ Ȼɨɪ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ɂɜɢɰɚ Ɋɢɫɬɨɜɢќ, ɊȽɎ, Ȼɟɥɝɪɚɞ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ɋɚɞɟ Ɍɨɤɚɥɢќ, ɊȽɎ, Ȼɟɥɝɪɚɞ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȼɨʁɢɧ ɑɨɤɨɪɢɥɨ, ɊȽɎ, Ȼɟɥɝɪɚɞ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȼɥɚɞɢɦɢɪ ɉɚɜɥɨɜɢќ, ɊȽɎ, Ȼɟɥɝɪɚɞ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ Ȼɨɠɨ Ʉɨɥɨʃɚ, ɊȽɎ, Ȼɟɥɝɪɚɞ, Ɋ. ɋɪɛɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȳɨɠɟ Ʉɨɪɬɧɢɤ, Ɏɚɤɭɥɬɟɬ ɡɚ ɩɪɢɪɨɞɧɢ ɧɚɭɤɢ ɢ ɢɧɠɟɧɟɪɫɬɜɨ, 
ȴɭɛʂɚɧɚ, ɋɥɨɜɟɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȳɚɤɨɛ Ʌɢɤɚɪ, Ɏɚɤɭɥɬɟɬ ɡɚ ɩɪɢɪɨɞɧɢ ɧɚɭɤɢ ɢ ɢɧɠɟɧɟɪɫɬɜɨ, ȴɭɛʂɚɧɚ, 
ɋɥɨɜɟɧɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȼɟɪɨɫɥɚɜ Ɇɨɥɧɚɪ, ȻȿɊȽ Ɏɚɤɭɥɬɟɬ, Ɍɟɯɧɢɱɤɢ ɍɧɢɜɟɪɡɢɬɟɬ ɜɨ 
Ʉɨɲɢɰɟ, Ɋ. ɋɥɨɜɚɱɤɚ; 
ɉɪɨɮ. ɞ-ɪ ɉɟɬɚɪ Ⱥɬɚɧɚɫɨɜ, Ɇɢɧɨ-ɝɟɨɥɨɲɤɢ ɍɧɢɜɟɪɡɢɬɟɬ, ɋɨɮɢʁɚ, Ɋ. Ȼɭɝɚɪɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ȼɟɧɰɢɫɥɚɜ ɂɜɚɧɨɜ, Ɇɢɧɨ-ɝɟɨɥɨɲɤɢ ɍɧɢɜɟɪɡɢɬɟɬ, ɋɨɮɢʁɚ, Ɋ. 
Ȼɭɝɚɪɢʁɚ; 
ɉɪɨɮ. ɞ-ɪ ɉɟɬɚɪ Ⱦɚɫɤɚɥɨɜ, ɇɚɭɱɧɨ – ɬɟɯɧɢɱɤɢ ɫɨʁɭɡ ɡɚ ɪɭɞɚɪɫɬɜɨ, ɝɟɨɥɨɝɢʁɚ ɢ 
ɦɟɬɚɥɭɪɝɢʁɚ, ɋɨɮɢʁɚ, Ɋ. Ȼɭɝɚɪɢʁɚ; 
ɞ-ɪ Ʉɪɟɦɟɧɚ Ⱦɟɞɟʂɚɧɨɜɚ, ɇɚɭɱɧɨ – ɬɟɯɧɢɱɤɢ ɫɨʁɭɡ ɡɚ ɪɭɞɚɪɫɬɜɨ, ɝɟɨɥɨɝɢʁɚ ɢ 
ɦɟɬɚɥɭɪɝɢʁɚ, ɋɨɮɢʁɚ, Ɋ. Ȼɭɝɚɪɢʁɚ; 











Ⱦɨɰ. ɞ-ɪ ɋɬɨʁɚɧɱɟ Ɇɢʁɚɥɤɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ;  
Ⱦɪɚɝɚɧ Ⱦɢɦɢɬɪɨɜɫɤɢ, ȾɂɌɂ, ɋɤɨɩʁɟ; 
Ɇɢɬɤɨ Ʉɪɦɡɨɜ, ȿɭɪɨɦɚɤɫ Ɋɟɫɭɪɫɢɫ, ɋɬɪɭɦɢɰɚ. 
 
Ƚɟɧɟɪɚɥɟɧ ɫɟɤɪɟɬɚɪ:  
 
ɦ-ɪ Ƚɨɪɚɧ ɋɚɪɚɮɢɦɨɜ, ɁɊȽɂɆ, Ʉɚɜɚɞɚɪɰɢ. 
 
 
ɑɅȿɇɈȼɂ ɇȺ ɈɊȽȺɇɂɁȺɐɂɈɇɂɈɌ ɈȾȻɈɊ:  
 
Ɇɢɬɤɨ Ʉɪɦɡɨɜ, ȿɭɪɨɦɚɤɫ Ɋɟɫɭɪɫɢɫ, ɋɬɪɭɦɢɰɚ; 
Ɇɢɰɟ Ɍɪɤɚɥɟɫɤɢ, Ɇɟɪɦɟɪɟɧ ɤɨɦɛɢɧɚɬ, ɉɪɢɥɟɩ; 
Ɂɨɪɚɧ Ʉɨɫɬɨɫɤɢ, Ɇɪɚɦɨɪɛʁɚɧɤɨ, ɉɪɢɥɟɩ; 
ɒɟɪɢɮ Ⱥɥɢɭ, ɁɊȽɂɆ, Ʉɚɜɚɞɚɪɰɢ; 
Ɏɢɥɢɩ ɉɟɬɪɨɜɫɤɢ, Ɇɢɧɟɪɚɥ ɩɪɨɟɤɬ, Ɇ. Ʉɚɦɟɧɢɰɚ; 
Ⱦɪɚɝɚɧ Ⱦɢɦɢɬɪɨɜɫɤɢ, ȾɂɌɂ, ɋɤɨɩʁɟ; 
ɦ-ɪ Ⱦɪɚɝɢ ɉɟɥɬɟɱɤɢ, ȿɭɪɨɦɚɤɫ Ɋɟɫɭɪɫɢɫ, ɋɬɪɭɦɢɰɚ 
ɦ-ɪ ȴɭɩɱɟ ȿɮɧɭɲɟɜ, Ɇɢɧɢɫɬɟɪɫɬɜɨ ɡɚ ɟɤɨɧɨɦɢʁɚ, ɋɤɨɩʁɟ; 
ɦ-ɪ Ƚɨɪɚɧ ɋɚɪɚɮɢɦɨɜ, ɁɊȽɂɆ, Ʉɚɜɚɞɚɪɰɢ. 
ɦ-ɪ Ʉɢɪɱɨ Ɇɢɧɨɜ, Ɋɭɞɧɢɤ ɡɚ ɛɚɤɚɪ “Ȼɭɱɢɦ”, Ɋɚɞɨɜɢɲ; 
ɦ-ɪ Ɂɨɪɚɧ Ȼɨɝɞɚɧɨɜɫɤɢ, ȺȾ ȿɅȿɆ, ɊȿɄ Ȼɢɬɨɥɚ, ɉȿ Ɋɭɞɧɢɰɢ, Ȼɢɬɨɥɚ; 
ɦ-ɪ Ȼɨɪɱɟ Ƚɨɰɟɜɫɤɢ, Ɋɭɞɧɢɤ “ɋȺɋȺ”, Ɇ. Ʉɚɦɟɧɢɰɚ; 
ɦ-ɪ Ȼɥɚɝɨʁɚ Ƚɟɨɪɝɢɟɜɫɤɢ, ȺȾ ȿɅȿɆ, ɊȿɄ Ȼɢɬɨɥɚ, ɉȿ Ɋɭɞɧɢɰɢ, Ȼɢɬɨɥɚ; 
ɦ-ɪ ɋɚɲɨ ȳɨɜɱɟɜɫɤɢ, ɁɊȽɂɆ, Ʉɚɜɚɞɚɪɰɢ; 
ɦ-ɪ Ƚɨɪɚɧ ɋɬɨʁɤɨɫɤɢ, Ɋɭɞɧɢɤ “Ȼɟɥɚ ɉɨɥɚ”, ɉɪɢɥɟɩ; 
ɦ-ɪ Ʉɨɫɬɚɞɢɧ ȳɨɜɚɧɨɜ, ɁɊȽɂɆ, Ʉɚɜɚɞɚɪɰɢ; 
ɦ-ɪ Ɍɪɚʁɱɟ Ȼɨɲɟɜɫɤɢ, Ɋɭɞɩɪɨɟɤɬ, ɋɤɨɩʁɟ; 
ɇɟɧɚɞ Ʌɚɡɚɪɨɜɫɤɢ, ȾɍɇȺ ɋɤɨɩʁɟ; 
ɑɟɞɨ Ɋɢɫɬɨɜɫɤɢ, Ɋɭɞɧɢɤ “ɋȺɋȺ”, Ɇ. Ʉɚɦɟɧɢɰɚ; 
Ⱥɧɬɨɧɢɨ Ⱥɧɬɟɜɫɤɢ, “Ȼɭɥɦɚɤ” - Ɋɭɞɧɢɤ “Ɍɨɪɚɧɢɰɚ”, Ʉ. ɉɚɥɚɧɤɚ; 
Ⱦɚɪɤɨ ɇɚɱɤɨɜɫɤɢ, “Ȼɭɥɦɚɤ” - Ɋɭɞɧɢɤ “Ɂɥɟɬɨɜɨ”, ɉɪɨɛɢɲɬɢɩ; 
Ⱦɢɦɢɬɚɪ ɋɬɟɮɚɧɨɜɫɤɢ, “Ȼɭɥɦɚɤ” - Ɋɭɞɧɢɤ “Ɂɥɟɬɨɜɨ”, ɉɪɨɛɢɲɬɢɩ; 
Ⱦɪɚɝɚɧ ɇɚɫɟɜɫɤɢ, ȽɂɆ, ɋɤɨɩʁɟ; 
Ʌɚɡɟ Ⱥɬɚɧɚɫɨɜ, ȾɂɌɂ, ɋɤɨɩʁɟ; 
Ɇɢɥɟ ɋɬɟɮɚɧɨɜ, Ɋɭɞɧɢɤ “Ȼɚʃɚɧɢ”, ɋɤɨɩʁɟ; 
ɀɢɜɤɨ Ʉɚɥɟɜɫɤɢ, Ɋɭɞɧɢɤ “Ɉɫɥɨɦɟʁ”, Ʉɢɱɟɜɨ; 
Ɇɚɪɢʁɚ ɉɟɬɪɨɜɫɤɚ, ɋɬɨɩɚɧɫɤɚ Ʉɨɦɨɪɚ, ɋɤɨɩʁɟ; 
ȴɭɩɱɨ Ɍɪɚʁɤɨɜɫɤɢ, ɁɊȽɂɆ, Ʉɚɜɚɞɚɪɰɢ; 
ȿɦɢɥ ȳɨɪɞɚɧɨɜ, ȽȾ “Ƚɪɚɧɢɬ” ȺȾ, ɋɤɨɩʁɟ; 
ɉɟɩɢ Ɇɢɰɟɜ, “ȼɟ ɝɪɭɩɚ”, Ɋɚɞɨɜɢɲ; 
Ɉɪɯɚɧ Ɋɚɦɚɞɚɧɨɜɫɤɢ, “Ʉɧɚɭɮ”, Ⱦɟɛɚɪ; 
ɉɪɨɮ. ɞ-ɪ Ɂɨɪɚɧ Ⱦɟɫɩɨɞɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
ɉɪɨɮ. ɞ-ɪ Ɂɨɪɚɧ ɉɚɧɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
ɉɪɨɮ. ɞ-ɪ Ⱦɟʁɚɧ Ɇɢɪɚɤɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
ɉɪɨɮ. ɞ-ɪ Ȼɨɪɢɫ Ʉɪɫɬɟɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
ɉɪɨɮ. ɞ-ɪ Ɇɢɪʁɚɧɚ Ƚɨɥɨɦɟɨɜɚ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
ɉɪɨɮ. ɞ-ɪ Ɋɢɫɬɨ Ⱦɚɦɛɨɜ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
ɉɪɨɮ. ɞ-ɪ ɇɢɤɨɥɢɧɤɚ Ⱦɨɧɟɜɚ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
Ⱦɨɰ. ɞ-ɪ ɋɬɨʁɚɧɱɟ Ɇɢʁɚɥɤɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
Ⱦɨɰ. ɞ-ɪ Ɋɢɫɬɨ ɉɨɩɨɜɫɤɢ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
Ⱦɨɰ. ɞ-ɪ Ɇɚɪɢʁɚ ɏɚџɢ-ɇɢɤɨɥɨɜɚ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
Ⱦɨɰ. ɞ-ɪ Ⱥɮɪɨɞɢɬɚ Ɂɟɧɞɟɥɫɤɚ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 
Ⱦɨɰ. ɞ-ɪ Ɋɚɞɦɢɥɚ Ʉɚɪɚɧɚɤɨɜɚ ɋɬɟɮɚɧɨɜɫɤɚ, ɍȽȾ, ɎɉɌɇ, ɒɬɢɩ; 


































X ɋɌɊɍɑɇɈ ɋɈȼȿɌɍȼȺȵȿ ɇȺ ɌȿɆȺ:  
“ɌȿɏɇɈɅɈȽɂȳȺ ɇȺ ɉɈȾɁȿɆɇȺ ɂ ɉɈȼɊɒɂɇɋɄȺ ȿɄɋɉɅɈȺɌȺɐɂȳȺ  
ɇȺ ɆɂɇȿɊȺɅɇɂ ɋɍɊɈȼɂɇɂ” 














ɁȾɊɍɀȿɇɂȿ ɇȺ ɊɍȾȺɊɋɄɂɌȿ ɂ ȽȿɈɅɈɒɄɂɌȿ ɂɇɀȿɇȿɊɂ 









ɍɇɂȼȿɊɁɂɌȿɌ “ȽɈɐȿ ȾȿɅɑȿȼ” – ɒɌɂɉ 
ɎȺɄɍɅɌȿɌ ɁȺ ɉɊɂɊɈȾɇɂ ɂ ɌȿɏɇɂɑɄɂ ɇȺɍɄɂ 









   
 









Ɇɟѓɭɧɚɪɨɞɧɨɬɨ ɫɬɪɭɱɧɨ ɫɨɜɟɬɭɜɚʃɟ ɡɚ ɩɨɞɡɟɦɧɚɬɚ ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɧɚ 
ɦɢɧɟɪɚɥɧɢɬɟ ɫɭɪɨɜɢɧɢ (ɉɈȾȿɄɋ), ɡɚ ɩɪɜɩɚɬ ɫɟ ɨɞɪɠɚ ɧɚ 06.12.2007 ɝɨɞ. ɜɨ 
ɉɪɨɛɢɲɬɢɩ ɜɨ ɨɪɝɚɧɢɡɚɰɢʁɚ ɧɚ ɋɨʁɭɡɨɬ ɧɚ Ɋɭɞɚɪɫɤɢɬɟ ɢ Ƚɟɨɥɨɲɤɢɬɟ ɂɧɠɟɧɟɪɢ 
ɧɚ Ɇɚɤɟɞɨɧɢʁɚ (ɋɊȽɂɆ). 
Ɉɞ 2012 ɝɨɞɢɧɚ ɫɨɜɟɬɭɜɚʃɟɬɨ ɟ ɩɪɨɲɢɪɟɧɨ ɫɨ ɬɪɭɞɨɜɢ ɨɞ ɩɨɜɪɲɢɧɫɤɚɬɚ 
ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɧɚ ɦɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ ɢ ɟ ɢɦɟɧɭɜɚɧɨ ɤɚɤɨ ɉɈȾȿɄɋ-ɉɈȼȿɄɋ. 
ɋɬɪɭɱɧɨɬɨ ɫɨɜɟɬɭɜɚʃɟ, ɧɚ ɬɟɦɚ: ɬɟɯɧɨɥɨɝɢʁɚ ɧɚ ɩɨɞɡɟɦɧɚ ɢ ɩɨɜɪɲɢɧɫɤɚ 
ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɧɚ ɦɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ, ɬɪɚɞɢɰɢɨɧɚɥɧɨ ɫɟ ɨɞɪɠɭɜɚ ɫɟɤɨʁɚ 
ɝɨɞɢɧɚ ɜɨ ɦɟɫɟɰ ɧɨɟɦɜɪɢ. ɇɚ ɨɜɚ ɫɨɜɟɬɭɜɚʃɟ ɡɟɦɚɚɬ ɭɱɟɫɬɜɨ ɝɨɥɟɦ ɛɪɨʁ ɧɚ 
ɫɬɪɭɱɧɢ ɥɢɰɚ ɨɞ: ɪɭɞɚɪɫɤɚɬɚ ɢɧɞɭɫɬɪɢʁɚ, ɭɧɢɜɟɪɡɢɬɟɬɢɬɟ, ɧɚɭɱɧɨ-
ɢɫɬɪɚɠɭɜɚɱɤɢɬɟ ɢ ɩɪɨɟɤɬɚɧɬɫɤɢɬɟ ɨɪɝɚɧɢɡɚɰɢɢ, ɩɪɨɢɡɜɨɞɢɬɟɥɢɬɟ ɧɚ ɨɩɪɟɦɚ ɢ 
ɞɪ. 
ɇɚ ɞɨɫɟɝɚɲɧɢɬɟ ɞɟɜɟɬ ɫɨɜɟɬɭɜɚʃɚ (2007, 2008, 2009, 2010, 2011, 2012, 2014, 
2015 ɢ 2016 ɝɨɞ.) ɭɱɟɫɬɜɭɜɚɚ ɩɨɜɟќɟ ɚɜɬɨɪɢ ɨɞ 10 ɞɪɠɚɜɢ, ɤɨɢ ɩɪɟɡɟɧɬɢɪɚɚ 242 
ɫɬɪɭɱɧɢ ɬɪɭɞɨɜɢ.  
Ɂɚ ɨɜɚ ɞɟɫɟɬɬɨ ɫɨɜɟɬɭɜɚʃɟ (ɉɈȾȿɄɋ - ɉɈȼȿɄɋ ’17) ɩɪɢʁɚɜɟɧɢ ɫɟ 33 ɬɪɭɞɚ, ɧɚ 
ɚɜɬɨɪɢ ɨɞ 2 ɞɪɠɚɜɢ. 
Ƚɨɥɟɦɢɨɬ ɛɪɨʁ ɧɚ ɬɪɭɞɨɜɢ ɨɞ ɞɨɦɚɲɧɢɬɟ ɚɜɬɨɪɢ ɩɪɨɢɡɥɟɡɟ ɤɚɤɨ ɪɟɡɭɥɬɚɬ ɧɚ 
ɧɚɭɱɧɨ-ɢɫɬɪɚɠɭɜɚɱɤɚɬɚ ɪɚɛɨɬɚ ɪɟɚɥɢɡɢɪɚɧɚ ɧɚ ɜɢɫɨɤɨɨɛɪɚɡɨɜɧɢɬɟ ɢɧɫɬɢɬɭɰɢɢ 
ɜɨ Ɋ. Ɇɚɤɟɞɨɧɢʁɚ. Ɇɟѓɭɬɨɚ, ɩɨɫɟɛɧɨ ɧɟ ɪɚɞɭɜɚ ɭɱɟɫɬɜɨɬɨ ɧɚ ɚɜɬɨɪɢ ɨɞ 
ɧɟɩɨɫɪɟɞɧɨɬɨ ɪɭɞɚɪɫɤɨ ɩɪɨɢɡɜɨɞɫɬɜɨ, ɤɨɢ ɲɬɨ ɩɪɟɡɟɧɬɢɪɚɚɬ ɩɨɫɬɢɝɧɚɬɢ 
ɪɟɡɭɥɬɚɬɢ ɜɨ ɪɭɞɚɪɫɤɚɬɚ ɩɪɚɤɫɚ. 
ɋɟ ɧɚɞɟɜɚɦɟ ɞɟɤɚ ɬɪɚɞɢɰɢʁɚɬɚ ɡɚ ɫɨɛɢɪɚʃɟ ɧɚ ɫɢɬɟ ɫɩɟɰɢʁɚɥɢɫɬɢ ɨɞ ɨɛɥɚɫɬɚ 
ɧɚ ɩɨɞɡɟɦɧɚɬɚ ɢ ɩɨɜɪɲɢɧɫɤɚɬɚ ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɧɚ ɦɢɧɟɪɚɥɧɢɬɟ ɫɭɪɨɜɢɧɢ, ќɟ 











X ɋɌɊɍɑɇɈ ɋɈȼȿɌɍȼȺȵȿ ɇȺ ɌȿɆȺ: 
“Ɍɟɯɧɨɥɨɝɢʁɚ ɧɚ ɩɨɞɡɟɦɧɚ ɢ ɩɨɜɪɲɢɧɫɤɚ 
ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɧɚ ɦɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ” 
ɉɈȾȿɄɋ – ɉɈȼȿɄɋ ’17 
Ɉɯɪɢɞ 






The International expert conference on underground mining of mineral raw materials 
(PODEKS), organized by the Association of Mining and Geology Engineers of 
Macedonia (AMGEM), was first held on 06.12.2007 in Probishtip. 
Since 2012, in this counseling, surface exploitation of mineral resources is included 
too, and it is called PODEKS-POVEKS. 
This expert conference called: Technology of underground and surface mining of 
mineral raw materials, traditionally,  has been organized annually during November. 
A number of experts from the mining industry, universities, research institutions, 
planning companies, and equipment manufacturing companies participate in this 
conference. 
Many authors from 10 countries participated in the previous nine conferences (2007, 
2008, 2009, 2010, 2011, 2012, 2014, 2015 and 2016) presenting 242 expert papers.  
Thirty-three authors from 2 countries have registered their expert papers for the Xth 
conference (PODEKS - POVEKS ’17). 
The large number of expert papers from the domestic authors has emerged as a 
result of the research work carried out at the higher education institutions in the 
Republic of Macedonia. We are particularly delighted by the participation of the 
authors involved in the immediate mining production who will be presenting the 
achieved results in the mining practice. 
We hope that the tradition of gathering of all specialists from the field of underground 
and surface mining of mineral raw materials will continue and that this conference 













X EXPERT CONFERENCE THEMED: 
“Technology of underground and surface mining of 
mineral raw materials” 
   PODEKS - POVEKS ’17 
Ohrid 








ɁȺɒɌɂɌȺ ɇȺ ɀɂȼɈɌɇȺ ɂ ɊȺȻɈɌɇȺ ɋɊȿȾɂɇȺ  
  
ɆɈɇɂɌɈɊɂɇȽ ɇȺ ɉɊȺɒɂɇȺ ȼɈ ɊɍȾȺɊɋɄȺɌȺ ɂɇȾɍɋɌɊɂȳȺ, ɁɈɒɌɈ ɂ 
ɄȺɄɈ? * Ⱦɟјɚɧ Ɇɢɪɚɤɨɜɫɤɢ, ɇɢɤɨɥɚјɱɨ ɇɢɤɨɥɨɜ, Ȼɨɪɱɟ Ƚɨɰɟɜɫɤɢ, Ɇɚɪɢјɚ ɏɚџɢ-





ɋɅȿȾȿȵȿ ɇȺ ɄȼȺɅɂɌȿɌɈɌ ɇȺ ȼɈɁȾɍɏɈɌ ȼɈ ɈɄɈɅɂɇȺɌȺ ɇȺ 
ɉɊȿȾɅɈɀȿɇɂɈɌ ɉɈȼɊɒɂɇɋɄɂ ɄɈɉ „ɂɅɈȼɂɐȺ-ɒɌɍɄȺ“ * Ⱦɪɚɝɢ 
ɉɟɥɬɟɱɤɢ, ȼɟɪɚ Ѓɨɪɝɢɟɜɚ, Ɍɟɨɞɨɪɚ ɋɬɨјɚɧɨɜɚ, ȴɭɛɢɰɚ ɉɚɧɨɜɚ, ɇɢɤɨɥɚ 











ɆȿɌɈȾɂ ɁȺ ɈɌɋɌɊȺɇɍȼȺȵȿ ɇȺ ɐɂȳȺɇɂȾɂ ɈȾ ɊɍȾɇɂɑɄɂ ȼɈȾɂ * 




ɂɇɌȿɇɁɂɌȿɌ ɇȺ ȼɊɇȿɀɂɌȿ ɂ ȺɇȺɅɂɁȺ ɇȺ ȽɈɅȿɆɂ ȼɈȾɈɌȿɐɂ ȼɈ 




ɇȿɍɌɊȺɅɂɁȺɐɂȳȺ ɇȺ ɉɈȼɊɒɂɇȺɌȺ ɇȺ ȾȿɉɈɇɂȳȺɌȺ ɁȺ Ʌɍɀȿȵȿ  ȼɈ 
ɄɈɆɉɅȿɄɋɈɌ ɁȺ ɉɊɈɂɁȼɈȾɋɌȼɈ ɇȺ ɄȺɌɈȾȿɇ ȻȺɄȺɊ „ɄȺɁȺɇȾɈɅ“ – 





ɉɅȺɇ ɁȺ ȼɈɇɊȿȾɇɂ ɋɈɋɌɈȳȻɂ – ɋɍɒɌɂɇɋɄɂ ȾȿɅ ɈȾ ɋɂɋɌȿɆɈɌ ɁȺ 
ɍɉɊȺȼɍȼȺȵȿ ɋɈ ȻȿɁȻȿȾɇɈɋɌȺ ɉɊɂ ɊȺȻɈɌȺ * Ɇɚɪɢјɚ ɏɚџɢ-ɇɢɤɨɥɨɜɚ, 





ȻȿɁȻȿȾɇȺ ɊAȻOTA ȼɈ ɁȺɌȼɈɊȿɇɂ (ɈȽɊȺɇɂɑȿɇɂ) ɉɊɈɋɌɈɊɂ * ɋɬɚɧɤɟ 




ɋɂɋɌȿɆ ɁȺ ɂɇɋɌȺɅɂɊȺȵȿ ɂ ȺɉɅɂɄȺɐɂȳȺ ɇȺ “QR ɄɈȾ” ȼɈ 
ɊɍȾȺɊɋɄȺɌȺ ɂɇȾɍɋɌɊɂȳȺ * ȼɚɧɱɨ Ⱥџɢɫɤɢ, Ⱦɚɥɢɛɨɪ ɋɟɪɚɮɢɦɨɜɫɤɢ, Ɂɨɪɚɧ 





ɆȿɊɄɂ ɁȺ ȻȿɁȻȿȾɇɈɋɌ ɉɊɂ ɊȺȻɈɌȺ ɁȺ ɊȺɄɍȼȺɑɂɌȿ ɇȺ ɊɍȾȺɊɋɄɂ 








X ɋɌɊɍɑɇɈ ɋɈȼȿɌɍȼȺȵȿ ɇȺ ɌȿɆȺ: 
Ɍɟɯɧɨɥɨɝɢʁɚ ɧɚ ɩɨɞɡɟɦɧɚ ɢ ɩɨɜɪɲɢɧɫɤɚ ɟɤɫɩɥɨɚɬɚɰɢʁɚ  
ɧɚ ɦɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ 
ɉɈȾȿɄɋ – ɉɈȼȿɄɋ ’17 
Ɉɯɪɢɞ 
03 ÷ 05. 11. 2017 ɝɨɞ. 
  
ɋɈȼɊȿɆȿɇȺ ɊɍȾȺɊɋɄȺ ɉɊȺɄɌɂɄȺ  
  
ɂɋɐɊɌɍȼȺȵȿ ɇȺ ɂɁɈɏɂɉɋɂ ɁȺ ɉɈɌɊȿȻɂ ȼɈ ɊɍȾȺɊɋɌȼɈɌɈ ɂ 
ȽȿɈɅɈȽɂȳȺɌȺ * ɋɬɨјɚɧɱɟ Ɇɢјɚɥɤɨɜɫɤɢ, Ɂɨɪɚɧ Ⱦɟɫɩɨɞɨɜ, Ⱦɟјɚɧ Ɇɢɪɚɤɨɜɫɤɢ, 





ȼɅɂȳȺɇɂȿ  ɇȺ  ɊȿɀɂɆɈɌ ɇȺ  Ⱦɍɉɑȿȵȿ  ɇȺ  ɈɒɌȿɌɍȼȺȵȺTA   ɄȺȳ 






PRODUCTIVITY ANALYSIS OF THE COMBINED TECHNOLOGY FOR 
QUARRYING UTILIZING CHAIN CUTTERS AND DIAMOND WIRE SAWS * Ivaylo 





ɉɊȺɄɌɂɑɇȺ ɉɊɂɆȿɇȺ ɇȺ ɇȿȿɄɋɉɅɈɁɂȼɇɂ ɋɆȿɋɂ ɁȺ ɐȿɉȿȵȿ ɂ 
ȾɈȻɂȼȺȵȿ ɇȺ ɄɈɆȿɊɐɂȳȺɅɇɂ ɆȿɊɆȿɊɇɂ ȻɅɈɄɈȼɂ * Ɋɢɫɬɨ Ⱦɚɦɛɨɜ, 





ɍɉɈɌɊȿȻȺ ɇȺ ɋɈɎɌȼȿɊɂ ɂ ɆȿɊɇɂ ɂɇɋɌɊɍɆȿɇɌɂ ɋɈ ɐȿɅ ɁȺ 
ɉɈȿɎɂɄȺɋɇɂ ɂ ɉɈȻȿɁȻȿȾɇɂ ɆɂɇɂɊȺȵȺ ȼɈ ɉɈȼɊɒɂɇɋɄȺɌȺ 





ȺɇȺɅɂɁȺ ɇȺ ɊȿɁɍɅɌȺɌɂɌȿ ɈȾ ɂɁɊȺȻɈɌɄȺ ɇȺ ɏɈȾɇɂɄ ȼɈ ɒɄɊɂɅȿɐ ɋɈ 
ɉɊɂɆȿɇȺ ɇȺ Ⱦȼȿ ɌȿɏɇɈɅɈȽɂɂ ȼɈ ɊɍȾɇɂɄ „ɋȺɋA“ * ɇɢɤɨɥɢɧɤɚ Ⱦɨɧɟɜɚ, 







ɌȿɇȾȿɇɐɂȳȺ ɁȺ ɉɊɂɆȿɇȺ ɇȺ ɋɈȼɊȿɆȿɇȺ ɌɈȼȺɊɇɈ-ɌɊȺɇɋɉɈɊɌɇȺ 






ɄɅȺɋɂɎɂɄȺɐɂȳȺ ɇȺ ɉȿɉȿɅɌȺ ɈȾ ɌȿɊɆɈɐȿɇɌɊȺɅȺɌȺ ɊȿɄ ȻɂɌɈɅȺ ȼɈ  
ɆȺɄȿȾɈɇɂȳȺ ɂ ɆɈɀɇɈɋɌɂ ɁȺ ɇȿȳɁɂɇȺ ɍɉɈɌɊȿȻȺ * Ɍɟɧɚ Шɢјɚɤɨɜɚ-





ɌȿɏɇɈ-ȿɄɈɇɈɆɋɄɂ ɂ ȿɄɈɅɈɒɄɂ ɉɊȿȾɇɈɋɌɂ ɇȺ ɇȿɄɈɇȼȿɇɐɂɈɇȺɅɇɂ 
ɆȿɌɈȾɂ ɁȺ ȿɄɋɉɅɈȺɌȺɐɂȳȺ ɇȺ ȳȺȽɅȿɇɂ * Ɋɚɞɦɢɥɚ Ʉɚɪɚɧɚɤɨɜɚ 





ɇȿɄɈɂ ɄȺɊȺɄɌȿɊɂɋɌɂɄɂ ɇȺ ɋȿɂɁɆɂɑɇɈɋɌȺ ɇȺ ɉɈȾɊȺɑȳȿɌɈ 
ɊȺȾɈȼɂɒ-ɋɌɊɍɆɂɐȺ-ȼȺɅȺɇȾɈȼɈ (Ɋ. ɆȺɄȿȾɈɇɂȳȺ) * Ɋɢɫɬɨ ɉɨɩɨɜɫɤɢ, 








ȽȿɈɌȿɏɇɂɄȺ ɂ ȽȿɈɅɈȽɂȳȺ  
  
ɋɈȼɊȿɆȿɇɂ ɆȿɌɈȾɂ ɁȺ ȽȿɈɌȿɏɇɂɑɄɂ ɆɈɇɂɌɈɊɂɇȽ ɂ ɆɈȾȿɅɂɊȺȵȿ 
ɄȺȳ ɉɈȼɊɒɂɇɋɄȺ  ɂ ɉɈȾɁȿɆɇȺ ȿɄɋɉɅɈȺɌȺɐɂȳȺ * ɂɝɨɪ ɉɟɲɟɜɫɤɢ, ȳɨɜɚɧ 





ɈȾɊȿȾɍȼȺȵȿ ɇȺ ɄȼȺɅɂɌȿɌɈɌ ɇȺ ȽɊȺȾȿɀɇɈ-ɌȿɏɇɂɑɄɂ ɄȺɆȿɇ * ȴɭɩɱɟ 




ȽȿɈɆȿɏȺɇɂɑɄɂ ɄȺɊȺɄɌȿɊɂɋɌɂɄɂ ɇȺ ȼȺɊɈȼɇɂɄɈɌ ɈȾ 
ɇȺɈЃȺɅɂɒɌȿɌɈ “ɊȺɒȺɇȿɐ” ɂ ɇɂȼɇȺ ɄɈɊȿɅȺɐɂȳȺ ɋɈ ȻɊɁɂɇȺɌȺ ɇȺ 
ȿɅȺɋɌɂɑɇɂɌȿ ȻɊȺɇɈȼɂ * Ѓɨɪɝɢ Ⱦɢɦɨɜ, ȼɨјɨ Ɇɢɪɱɨɜɫɤɢ, ȼɢɨɥɟɬɚ 






ȽȿɈɆȿɌȺɅɍɊȽɂȳȺ * Ɇɚɪјɚɧ Ⱦɟɥɢɩɟɬɪɟɜ, Ƚɨɰɟ Ɂɥɚɬɤɨɜ, Ȼɥɚɝɢɰɚ 
Ⱦɨɧɟɜɚ, Ɂɨɪɚɧ ɉɚɧɨɜ, Ɋɚɞɦɢɥɚ Ʉɚɪɚɧɚɤɨɜɚ ɋɬɟɮɚɧɨɜɫɤɚ, Ɋɢɫɬɨ 





ɇȺɈЃȺɅɂɒɌȿ ɁȺ ȳȺȽɅȿɇ „ɅȺȼɐɂ„ - Ɋȿɋȿɇ * Ⱥɥɟɤɫɚɧɞɚɪ ɋɬɨɢɥɤɨɜ, Ʌɚɫɬɟ 




ɆȿɇȺȹɆȿɇɌ, ɂɋɌɊȺɀɍȼȺȵȿ ɇȺ ɆɂɇȿɊȺɅɇɂ ɋɍɊɈȼɂɇɂ ɂ ɊɍȾɇɂɑɄȺ 




ȽȿɈɅɈɒɄɈ-ȿɄɈɇɈɆɋɄȺ ɈɐȿɇɄȺ ɇȺ ɊɍȾɇȺɌȺ ɀɂɐȺ ȻɊ. 4 ɈȾ 




ɉɈɌȿɇɐɂȳȺɅ ɇȺ ɉɊɂɅȿɉɋɄɈ ɉɈɅȿ ȼɈ ɈȾɇɈɋ ɇȺ ȳȺȽɅȿɇɈɋɇɈɋɌȺ * 




ɏȿɆɂɋɄɂ ɋɈɋɌȺȼ ɇȺ ȺɅɍȼɂȳȺɅɇɈ ɁɅȺɌɈ ɈȾ ɇȿɄɈɂ ɅɈɄȺɅɂɌȿɌɂ ȼɈ 






ȽɊȺȼɂɆȿɌɊɂɋɄɂ ɂɋɌɊȺɀɍȼȺȵȺ ɇȺ ɇȺɈЃȺɅɂɒɌȺ ɇȺ ɆɂɇȿɊȺɅɇɂ 
ɋɍɊɈȼɂɇɂ * Ȼɥɚɝɢɰɚ Ⱦɨɧɟɜɚ, Ɍɨɞɨɪ Ⱦɟɥɢɩɟɬɪɨɜ, Ɇɚɪјɚɧ Ⱦɟɥɢɩɟɬɪɟɜ, Ʉɪɫɬɨ 





ɋȿɄɍɇȾȺɊɇɂ ɋɂɅɂɐɂɋɄɂ ɋɍɊɈȼɂɇɂ ȼɈ ɄȼȺɊɌȿɊɇɂ ɄɈɇɌɂɇȿɇɌȺɅɇɂ 






ɅɂɌɈɋɌɊȺɌɂȽɊȺɎɋɄɂ ɄȺɊȺɄɌȿɊɂɋɌɂɄɂ ɇȺ ɄɊȿȾɇɂɌȿ ɋȿȾɂɆȿɇɌɂ ȼɈ 






ɅɂɌɈɋɌɊȺɌɂȽɊȺɎɂȳȺ ɇȺ ȿɈɐȿɇɋɄɂɌȿ ɋȿȾɂɆȿɇɌɂ ȼɈ ɋɊɉɋɄɈ-
ɆȺɄȿȾɈɇɋɄɂɈɌ ɆȺɋɂȼ, ɊȿɉɍȻɅɂɄȺ ɆȺɄȿȾɈɇɂȳ * ȼɢɨɥɟɬɚ ɋɬɨјɚɧɨɜɚ, 













ХȿɆɂɋɄɂ ɋɈɋɌȺȼ ɇȺ ȺɅɍȼɂЈȺɅɇɈ ɁɅȺɌɈ ɈȾ  
ɇȿɄɈɂ ɅɈɄȺɅɂɌȿɌɂ ȼɈ Ɋ. ɆȺɄȿȾɈɇɂЈȺ 
 
ȼɢɨɥɟɬɚ ɋɬɟɮɚɧɨɜɚ1, Ɍɟɧɚ ɒɢʁɚɤɨɜɚ-ɂɜɚɧɨɜɚ1, ȼɨʁɨ Ɇɢɪɱɨɜɫɤɢ1 
1ɍɧɢɜɟɪɡɢɬɟɬ “Ƚɨɰɟ Ⱦɟɥɱɟɜ”, Ɏɚɤɭɥɬɟɬ ɡɚ ɩɪɢɪɨɞɧɢ ɢ ɬɟɯɧɢɱɤɢ ɧɚɭɤɢ,  
Шɬɢɩ, Мɚɤɟɞɨɧɢʁɚ 
 
Ⱥɩɫɬɪɚɤɬ: ȼɨ ɨɜɨʁ ɬɪɭɞ ќɟ ɛɢɞɚɬ ɩɪɟɡɟɧɬɢɪɚɧɢ ɪɟɡɭɥɬɚɬɢɬɟ ɨɞ ɢɫɩɢɬɭɜɚʃɚɬɚ ɧɚ 
ɯɟɦɢɫɤɢɨɬ ɫɨɫɬɚɜ ɧɚ ɡɥɚɬɧɢɬɟ ɚɝɪɟɝɚɬɢ ɤɨɢ ɫɟ ɩɪɨɧɚʁɞɟɧɢ ɫɨ ɲɥɢɯɨɜɫɤɚ ɩɪɨɫɩɟɤɰɢʁɚ ɜɨ 
ɧɟɤɨɢ ɥɨɤɚɥɢɬɟɬɢ ɜɨ Ɋɟɩɭɛɥɢɤɚ Мɚɤɟɞɨɧɢʁɚ. Иɫɩɢɬɭɜɚʃɚɬɚ ɩɨɤɚɠɭɜɚɚɬ ɞɟɤɚ ɫɨɞɪɠɢɧɢɬɟ 
ɧɚ ɡɥɚɬɨ ɜɨ ɢɫɩɢɬɭɜɚɧɢɬɟ ɚɝɪɟɝɚɬɢ ɫɟ ɞɜɢɠɢ ɨɞ 78.69% ɜɨ ɥɨɤɚɥɢɬɟɬɨɬ ɉɥɚɜɢɰɚ ɞɨ 99,94 
% ɜɨ ɥɨɤɚɥɢɬɟɬɨɬ Ȼɨɪɨɜɢќ. Ɉɞ ɩɪɢɦɟɫɢɬɟ ɜɨ ɡɥɚɬɧɢɬɟ ɚɝɪɟɝɚɬɢ ɧɚʁɱɟɫɬɨ ɢ ɜɨ ɧɚʁɝɨɥɟɦ 
ɩɪɨɰɟɧɬ ɫɟ ɫɪɟќɚɜɚ ɫɪɟɛɪɨɬɨ, ɩɨɬɨɚ ɛɚɤɚɪɨɬ, ɠɟɥɟɡɨɬɨ, ɠɢɜɚɬɚ. Иɫɩɢɬɭɜɚʃɚɬɚ ɧɚ 
ɯɟɦɢɫɤɢɨɬ ɫɨɫɬɚɜ ɦɨɠɟ ɞɚ ɫɟ ɤɨɪɢɫɬɢ  ɡɚ ɤɨɪɟɥɚɰɢʁɚ ɩɨɦɟѓɭ ɯɟɦɢɫɤɢɨɬ ɫɨɫɬɚɜ ɧɚ 
ɩɪɢɦɚɪɧɨɬɨ ɡɥɚɬɨ ɢ ɩɨɬɨɱɧɨɬɨ ɡɥɚɬɨ ɫɨ ɲɬɨ ɦɨɠɟ ɞɚ ɫɟ ɭɬɜɪɞɢ ɬɢɩɨɬ ɧɚ ɦɢɧɟɪɚɥɢɡɚɰɢʁɚ 
ɢ ɦɨɠɧɢɨɬ ɩɪɢɦɚɪɟɧ ɢɡɜɨɪ. 
 
Ʉɥɭɱɧɢ ɡɛɨɪɨɜɢ: ɲɥɢɯɨɜɫɤɚ ɩɪɨɫɩɟɤɰɢʁɚ, ɩɨɬɨɱɧɨ ɡɥɚɬɨ, ɯɟɦɢɫɤɢ ɫɨɫɬɚɜ. 
 
 
CHEMICAL COMPOSITION OF  OF ALLUVIAL GOLD FROM  
SOME LOCALITIES IN R. MACEDONIA 
 
Violeta Stefanova1, Tena Sijakova-Ivanova1, Vojo Mircovski1 
1Universitz “Goce Delcev”, Facultz of Naturan and Technical sciences,Stip, Macedonia 
 
Apstract: In this paper njill be presented the results of the investigations of the chemical composition 
of the gold aggregates found njith sclich prospection in some localities in the Republic of Macedonia. 
Studies shonj that the content of gold in the tested aggregates ranges from 78.69% in the site of 
Plavica to 99.94% in the localitz of Borovik. Of the impurities in the gold aggregates, most often, the 
largest percentage is silver, then copper, iron, mercurz. The chemical composition can be used to 
correlate the chemical composition of primarz gold and fine gold to determine the tzpe of 
mineralization and possible primary source. 
 




Ɋɚɫɢɩɧɨɬɨ ɡɥɚɬɨ ɧɟɫɨɦɧɟɧɨ ɧɨɫɢ ɞɟɥ ɨɞ ɛɟɥɟɡɢɬɟ ɧɚ ɟɧɞɨɝɟɧɨɬɨ ɡɥɚɬɨ. ɇɚ 
ɮɢɡɢɱɤɨ-ɯɟɦɢɫɤɢɬɟ ɤɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚ ɜɚɤɜɨɬɨ ɡɥɚɬɨ ɜɥɢʁɚɚɬ ɦɧɨɝɭ ɮɚɤɬɨɪɢ: 
ɤɚɪɚɤɬɟɪɨɬ ɧɚ ɩɪɢɦɚɪɧɨɬɨ ɡɥɚɬɨ, ɜɨɞɟɧɚɬɚ ɫɢɥɚ, ɦɨɪɮɨɥɨɝɢʁɚɬɚ ɧɚ  ɪɟɱɧɨɬɨ 





ɧɚ Ɋ. Ɇɚɤɟɞɨɧɢʁɚ 
X ɌɈ ɋɌɊɍɑɇɈ ɋɈȼȿɌɍȼȺЊȿ ɇȺ ɌȿɆȺ: 
Ɍɟɯɧɨɥɨɝɢʁɚ ɧɚ ɩɨɞɡɟɦɧɚ ɢ ɩɨɜɪɲɢɧɫɤɚ ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɧɚ 
ɦɢɧɟɪɚɥɧɢ ɫɭɪɨɜɢɧɢ 
ɉɈȾȿɄɋ – ɉɈȼȿɄɋ ’17 
Ɉɯɪɢɞ 
03 – 05. 11. 2017 ɝɨɞ. 
251 
 
Хɟɦɢɫɤɢɬɟ ɤɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚ ɚɥɭɜɢʁɚɥɧɢ ɡɪɧɚ  ɢ  ɧɚ  ɢɧɤɥɭɡɢɢɬɟ ɞɨɤɨɥɤɭ ɫɟ 
ɩɪɢɫɭɬɧɢ ɨɜɨɡɦɨɠɭɜɚ ɞɚ ɫɟ ɨɞɪɟɞɢ ɬɢɩɨɬ ɧɚ ɢɡɜɨɪɨɬ ɧɚ ɦɢɧɟɪɚɥɢɡɚɰɢʁɚɬɚ ɤɨʁɚ 
ɜɨ ɪɚɧɢɬɟ  ɮɚɡɢ ɧɚ ɪɟɝɢɨɧɚɥɧɢɬɟ ɢɫɬɪɚɠɭɜɚʃɚ ɦɨɠɟ ɞɚ ɩɨɦɨɝɧɟ ɞɚ ɫɟ 
ɮɨɤɭɫɢɪɚ ɜɧɢɦɚɧɢɟɬɨ ɧɚ ɬɟɪɟɧɢɬɟ  ɫɨ ɧɚʁɝɨɥɟɦɨ ɩɨɬɟɧɰɢʁɚɥɧɨ ɟɤɨɧɨɦɫɤɨ 
ɡɧɚɱɟʃɟ.  
Ɂɥɚɬɨɬɨ ɧɚʁɱɟɫɬɨ ɜɨ ɩɪɢɪɨɞɚɬɚ ɫɟ ʁɚɜɭɜɚ ɤɚɤɨ ɫɚɦɨɪɨɞɟɧ ɦɟɬɚɥ ɜɨ ɱɢʁ ɯɟɦɢɫɤɢ 
ɫɨɫɬɚɜ ɦɨɠɟ ɞɚ ɜɥɟɝɭɜɚɬ ɨɞɪɟɞɟɧɢ ɫɨɞɠɢɧɢ ɧɚ ɨɫɬɚɧɚɬɢ ɦɟɬɚɥɢ ɤɚɤɨ ɫɪɟɛɪɨ, 
ɠɢɜɚ, ɩɚɥɚɞɢɭɦ,ɛɚɤɚɪ, ɠɟɥɟɡɨ ɢ ɞɪ.  
Ɉɞ ɩɨɫɟɛɟɧ ɢɧɬɟɪɟɫ ɟ ɩɪɨɭɱɭɜɚʃɟɬɨ ɧɚ ɜɪɫɤɚɬɚ ɦɟѓɭ ɯɟɦɢɫɤɢɨɬ ɫɨɫɬɚɜ ɧɚ 
ɚɥɭɜɢʁɚɥɧɨɬɨ ɡɥɚɬɨ ɢ ɩɨɬɟɧɰɢʁɚɥɧɢɨɬ ɢɡɜɨɪ.  
ȼɨ ɫɜɟɬɫɤɢ ɪɚɦɤɢ, ɜɪɲɟɧɢ ɫɟ ɦɧɨɝɭɛɪɨʁɧɢ ɢɫɩɢɬɭɜɚʃɚ ɧɚ ɚɥɭɜɢʁɚɥɧɨɬɨ ɡɥɚɬɨ ɨɞ 
ɚɫɩɟɤɬ ɧɚ ɦɢɤɪɨɯɟɦɢɫɤɢɬɟ ɤɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɤɨ ɢ ɦɨɪɮɨɥɨɝɢʁɚɬɚ ɧɚ ɢɫɬɨɬɨ ɫɨ 
ɰɟɥ ɨɬɤɪɢɜɚʃɟ ɧɚ ɦɨɠɧɢɨɬ ɩɪɢɦɚɪɟɧ ɢɡɜɨɪ ([15], [1], [2], [3], [4], [5], [6], [8], [9]).  
Ɉɜɚ ɩɨɫɟɛɧɨ ɟ ɡɧɚɱɚʁɧɨ ɡɚ ɨɛɥɚɫɬɢ ɤɚɞɟ ɡɥɚɬɨɬɨ ɝɨ ɢɦɚ ɜɨ ɫɬɪɢɦ ɫɟɞɢɦɟɧɬɢɬɟ ɚ 
ɩɪɢɦɚɪɚɧɚɬɚ ɦɢɧɟɪɚɥɢɡɚɰɢʁɚ ɫɟɭɲɬɟ ɧɟ ɟ ɨɬɤɪɢɟɧɚ.  
ȼɨ Ɇɚɤɟɞɨɧɢʁɚ ɩɨɫɬɨɢ ɞɨɥɝɚ ɬɪɚɞɢɰɢʁɚ ɧɚ ɢɫɬɪɚɠɭɜɚʃɟ ɧɚ ɡɥɚɬɨɬɨ. Ɉɬɤɪɢɟɧɢ 
ɫɟ ɩɨɜɟќɟ ɨɞ ɬɪɢɟɫɟɬɢɧɚ ɥɨɤɚɥɢɬɟɬɢ ɤɨɢ ɫɟ ɩɨɜɟќɟ ɢɥɢ ɩɨɦɚɥɤɭ ɩɪɨɭɱɟɧɢ. 
ɂɫɬɪɚɠɭɜɚʃɚ ɨɞ ɬɢɩɨɬ ɧɚ ɨɞɪɟɞɭɜɚʃɟ ɧɚ ɯɟɦɢɫɤɢɨɬ ɫɨɫɬɚɜ ɢ ɦɨɪɮɥɨɝɢʁɚɬɚ ɧɚ 
ɡɥɚɬɧɢɬɟ ɚɝɪɟɝɚɬɢ ɩɨɫɥɟɞɧɢɬɟ ɝɨɞɢɧɢ ɫɟ ɢɧɬɟɧɡɢɜɢɪɚɧɢ ([10], [11], [12], [13], 
[15], [17], [7]). Ƚɥɚɜɧɚ ɰɟɥ ɧɚ ɨɜɢɟ  ɢɫɬɪɚɠɭɜɚʃɚ ɟ ɞɚ ɫɟ ɞɨɛɢʁɚɬ ɫɨɡɧɚɧɢʁɚ ɡɚ 
ɦɨɠɧɢɬɟ ɩɪɢɦɚɪɧɢ ɢɡɜɨɪɢ ɧɚ ɚɥɭɜɢʁɚɥɧɨɬɨ ɡɥɚɬɨ. ȼɨ ɪɚɦɤɢɬɟ ɧɚ ɨɜɨʁ ɬɪɭɞ 
ɜɤɥɭɱɟɧɢ ɫɟ ɢɫɬɪɚɠɭɜɚʃɚɬɚ ɜɨ ɚɥɭɜɢɨɧɢɬɟ ɧɚ: Ȼɨɪɨɜɢќ, ɉɥɚɜɢɱɤɢ ɢ Ʉɢɫɟɥɢɱɤɢ 
ɩɨɬɨɤ, Ȼɨɪɨɜ Ⱦɨɥ, Ɇɟɱɤɢɧ ɞɨɥ,  ɉɟɤʂɚɧɫɤɚ ɪɟɤɚ, ɪɟɤɚɬɚ Ʌɭɤɚɪ ɢ ɋɬɚɪɚ ɪɟɤɚ.  
 
2. ɉɊɂɆȿɇȿɌȺ ɆȿɌɈȾɈɅɈȽɂЈȺ 
 
ɇɚ ɬɟɪɟɧɢɬɟ ɤɨɢ ɛɟɚ ɩɪɟɞɦɟɬ ɧɚ ɢɫɬɪɚɠɭɜɚʃɟ, ɛɟɲɟ ɩɪɢɦɟɧɟɬɚ ɲɥɢɯɨɜɫɤɚɬɚ 
ɩɪɨɫɩɟɤɰɢʁɚ.  Ɂɟɦɟɧɢɨɬ ɦɚɬɟɪɢʁɚɥ ɫɟ ɢɫɩɢɪɚɲɟ ɫɨ ɤɥɚɫɢɱɧɨ ɢɫɩɢɪɚʃɟ ɫɨ 
ɭɩɨɬɪɟɛɚ ɧɚ ɤɚɪɥɢɰɚ ɩɨ ɲɬɨ ɞɨɛɢɟɧɢɨɬ ɰɪɧ ɲɥɢɯ ɫɟ ɩɨɞɥɨɠɢ ɧɚ ɩɨɧɚɬɚɦɨɲɧɚ 
ɥɚɛɨɪɚɬɨɪɢɫɤɚ ɨɛɪɚɛɨɬɤɚ. ɇɚʁɧɚɩɪɟɞ ɫɨ ɦɚɝɧɟɬ ɪɚɱɧɨ ɫɟ ɢɡɜɪɲɢ ɢɡɞɜɨʁɭɜɚʃɟ 
ɧɚ ɦɚɝɧɟɬɢɱɧɚɬɚ ɫɟɪɢʁɚ ɢ ɫɟ ɩɪɢɫɬɚɩɢ ɤɨɧ ɩɪɟɝɥɟɞ ɧɚ ɦɚɬɟɪɢʁɚɥɨɬ ɫɨ 
ɟɥɟɤɬɪɨɧɫɤɢ ɫɬɟɪɟɨɫɤɨɩ-ɛɢɧɨɤɭɥɚɪ. Ɂɥɚɬɧɢɬɟ ɚɝɪɟɝɚɬɢ ɫɟ ɢɡɞɜɨʁɭɜɚɚ ɪɚɱɧɨ.  
Ɂɚ ɞɚ ɫɟ ɭɬɜɪɞɢ ɯɟɦɢɫɤɢɨɬ ɫɨɫɬɚɜ ɧɚ ɡɥɚɬɨɬɨ ɛɟɲɟ ɤɨɪɢɫɬɟɧ ɫɤɚɧɢɧɝ 
ɟɥɟɤɬɪɨɧɫɤɢ ɦɢɤɪɨɫɤɨɩ (SEM). Ⱥɧɚɥɢɡɢɬɟ ɫɟ ɢɡɜɪɲɢʁɚ ɜɨ ɥɚɛɨɪɚɬɨɪɢʁɚɬɚ ɡɚ 
ɟɥɟɤɬɪɨɧɫɤɚ ɦɢɤɪɨɫɤɨɩɢʁɚ ɧɚ ɍɧɢɜɟɪɡɢɬɟɬɨɬ ɜɨ Шɬɢɩ ɧɚ ɢɧɫɬɪɭɦɟɧɬ ɨɞ ɬɢɩɨɬ 
VEGA3 LMU. ȿɬɚɥɨɧɢɬɟ ɫɟ ɧɚ TESCAN. ɋɩɟɰɢɮɢɱɧɢɬɟ ɭɫɥɨɜɢ ɧɚ ɪɚɛɨɬɚ ɫɟ:  
-Tension: 20 keV 
-Test Method: EDS 
-Type of analysis: Quantitative 
- X-act: 10 mm2 (Slicon Drift detector) 
-Max resolution: 125 EV 
-Resolution of MnKα, FKα,CKα: according to ISO 15632:2012 
 
3. ɊȿɁɍɅɌȺɌɂ ɂ ȾɂɋɄɍɋɂЈȺ 
 
ɂɫɩɢɬɭɜɚʃɚɬɚ ɧɚ ɯɟɦɢɫɤɢɨɬ ɫɨɫɬɚɜ ɧɚ ɩɪɨɧɚʁɞɟɧɢɬɟ ɡɥɚɬɧɢ ɚɝɪɟɝɚɬɢ ɨɞ  
ɢɫɩɢɬɭɜɚɧɢ ɥɨɤɚɥɢɬɟɬɢ ɜɨ Ɋ. Ɇɚɤɟɞɨɧɢʁɚ (ɋɥ. 1) ɩɨɤɚɠɭɜɚɚɬ ɞɟɤɚ ɫɬɚɧɭɜɚ ɡɛɨɪ 
ɡɚ ɡɥɚɬɧɢ ɚɝɪɟɝɚɬɢ ɤɨɢ ɧɚʁɱɟɫɬɨ ɫɟ ɫɨ ɝɨɥɟɦɚ ɱɢɫɬɨɬɚ. Ɉɞ ɩɪɢɦɟɫɢɬɟ ɫɟ 
ɩɪɢɫɭɬɧɢ ɫɪɟɛɪɨɬɨ, ɛɚɤɚɪɨɬ, ɠɢɜɚɬɚ, ɠɟɥɟɡɨɬɨ.   
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 ɋɥɢɤɚ 1. Ɇɟɫɬɚ ɧɚ ɥɨɤɚɥɢɬɟɬɢɬɟ ɤɚɞɟ ɲɬɨ ɟ ɜɪɲɟɧɚ ɲɥɢɯɨɜɫɤɚɬɚ ɩɪɨɫɩɟɤɰɢʁɚ 
 
3.1. Ʌɨɤɚɥɢɬɟɬ Ȼɨɪɨɜ Ⱦɨɥ 
 
Ʌɨɤɚɥɢɬɟɬɨɬ Ȼɨɪɨɜ Ⱦɨɥ ɟ ɞɟɥ ɨɞ  ɪɭɞɧɢɨɬ ɪɟɨɧ Ȼɭɱɢɦ-Ⱦɚɦʁɚɧ -Ȼɨɪɨɜ Ⱦɨɥ 
ɨɞɧɨɫɧɨ ɝɢ ɡɚɮɚќɚ ɧɟɝɨɜɢɬɟ ʁɭɠɧɢ ɞɟɥɨɜɢ. Ɇɟɬɚɥɨɝɟɧɢʁɚɬɚ ɧɚ ɨɜɨʁ ɪɭɞɟɧ ɪɟɨɧ ɟ 
ɜɨ ɬɟɫɧɚ ɜɪɫɤɚ ɫɨ ɟɜɨɥɭɰɢʁɚɬɚ ɧɚ ɬɟɪɰɢɟɪɧɢɨɬ ɦɚɝɦɚɬɢɡɚɦ, ɩɪɟɬɫɬɚɜɟɧ ɫɨ 
ɫɭɛɜɭɥɤɚɧɫɤɨ-ɜɭɥɤɚɧɫɤɢ ɮɚɰɢɢ ɧɚ ɚɧɞɟɡɢɬɢ, ɥɚɬɢɬɢ, ɤɜɚɪɰɥɚɬɢɬɢ, 
ɬɪɚɯɢɪɢɨɥɢɬɢ ɢ ɞɪ. ɤɨɢ ɫɟ ɩɪɨɞɭɤɬ  ɧɚ ɢɧɬɟɪɦɟɞɢʁɚɪɧɢɨɬ ɞɨ ɤɢɫɟɥ ɤɚɥɤɨ-
ɚɥɤɚɥɟɧ ɦɚɝɦɚɬɢɡɚɦ. Ɂɚ ɨɜɨʁ ɦɚɝɦɚɬɢɡɚɦ ɫɟ ɩɨɜɪɡɚɧɢ ɛɪɨʁɧɢ ɢɧɬɟɪɟɫɧɢ 
ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɧɚ Cu, Fe, Fe, Pb-Zn ɤɚɤɨ ɢ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɧɚ Au.  
ȼɨ ɥɨɤɚɥɢɬɟɬɨɬ Ȼɨɪɨɜ Ⱦɨɥ ɛɟɚ ɢɫɩɢɬɭɜɚɧɢ ɩɨɬɨɰɢɬɟ Ɇɟɱɤɢɧ ɞɨɥ, Ȼɨɪɨɜ ɞɨɥ 
ɉɟɧɥɢɜ ɞɨɥ, Ʉɪɭɧɞɢɪɨɜ ɞɨɥ. 
ɂɫɩɢɬɭɜɚʃɚɬɚ ɧɚ ɯɟɦɢɫɤɢɨɬ ɫɨɫɬɚɜ ɧɚ ɡɥɚɬɧɢɬɟ ɚɝɪɟɝɚɬɢ ɤɨɢ ɛɟɚ ɩɪɨɧɚʁɞɟɧɢ ɜɨ 
ɩɨɬɨɤɨɬ Ɇɟɱɤɢɧ ɞɨɥ ɩɨɤɚɠɚɚ ɞɟɤɚ ɫɬɚɧɭɜɚ ɡɛɨɪ ɡɚ ɫɚɦɨɪɨɞɧɨ ɡɥɚɬɨ ɤɨɟ ɫɟ 
ɤɚɪɚɤɬɟɪɢɡɪɚ ɫɨ ɜɢɫɨɤɚ ɱɢɫɬɨɬɚ. ɋɩɨɪɟɞ Ɂɚɯɚɪɨɜɚ, [20] ɡɥɚɬɨɬɨ ɫɨ ɱɢɫɬɨɬɚ ɨɞ  
900-950 ɫɟ ɧɚɪɟɤɭɜɚ ɜɢɫɨɤɨɩɪɨɛɧɨ ɡɥɚɬɨ, ɚ  ɡɥɚɬɨɬɨ  ɤɨɟ ɫɟ ɞɜɢɠɢ ɫɨ ɱɢɫɬɨɬɚ 
ɨɞ 800-899 ɫɩɚѓɚ ɜɨ ɝɪɭɩɚɬɚ ɧɚ ɭɦɟɪɟɧɨɜɢɫɨɤɨɩɪɨɛɧɨ ɡɥɚɬɨ. ɂɦɚʁɤɢ ʁɚ ɜɨ 
ɩɪɟɞɜɢɞ ɨɜɚ ɝɪɭɩɢɪɚʃɟ ɦɨɠɟ ɞɚ ɫɟ ɤɚɠɟ ɞɟɤɚ, ɧɚʁɝɨɥɟɦ ɛɪɨʁ ɨɞ ɢɫɩɢɬɭɜɚɧɢɬɟ 
ɡɥɚɬɧɢ ɚɝɪɟɝɚɬɢ ɫɩɚѓɚɬ ɜɨ ɝɪɭɩɚɬɚ ɧɚ ɜɢɫɨɤɨɩɪɨɛɧɨ ɡɥɚɬɨ ɤɚɞɟ ɫɨɞɪɠɢɧɚɬɚ ɧɚ 
ɡɥɚɬɨ ɫɟ ɞɜɢɠɢ ɨɞ  92 % ɞɨ ɦɚɤɫɢɦɚɥɧɢ 99% ɧɚ ɡɥɚɬɨ  ɚ ɩɨɦɚɥ ɛɪɨʁ ɫɟ  ɫɨ 
ɩɨɦɚɥɚ ɱɢɫɬɨɬɚ ɤɚɞɟ ɫɨɞɪɠɢɧɚɬɚ ɧɚ ɡɥɚɬɨɬɨ ɫɟ ɞɜɢɠɢ ɨɞ 71-84%.  [15]. 
ɂɫɩɢɬɭɜɚʃɟɬɨ ɧɚ ɡɥɚɬɧɢɬɟ ɚɝɪɟɝɚɬɢ ɫɟ ɜɪɲɟɲɟ ɧɚ ɩɟɪɢɮɟɪɧɢɬɟ ɞɟɥɨɜɢ ɢ ɩɨ 
ɟɞɧɚ ɚɧɚɥɢɡɚ ɜɨ ɰɟɧɬɪɚɥɧɢɬɟ ɞɟɥɨɜɢ ɰɨ ɰɟɥ ɞɚ ɫɟ ɭɬɜɪɞɢ ɞɚɥɢ ɩɨɫɬɨɢ 
ɡɨɧɚɥɧɨɫɬ ɜɨ ɯɟɦɢɫɤɢɨɬ ɫɨɫɬɚɜ.ɋɪɟɛɪɨɬɨ ɤɚɤɨ ɧɚʁɡɚɫɬɚɩɟɧɚ ɩɪɢɦɟɫɚ ɜɨ 
ɡɥɚɬɧɢɬɟ ɚɝɪɟɝɚɬɢ ɟ ɡɚɫɬɚɩɟɧɨ ɜɨ ɪɚɧɝ ɤɨʁ ɫɟ ɞɜɢɠɢ ɨɞ <1% ɞɨ 26.91%. ȼɨ ɧɟɤɨɢ 
ɡɥɚɬɧɢ ɚɝɪɟɝɚɬɢ ɰɟɧɬɪɚɥɧɢɬɟ ɞɟɥɨɜɢ ɫɟ ɩɨɛɨɝɚɬɢ ɫɨ ɫɪɟɛɪɨ ɞɨɞɟɤɚ ɤɚʁ ɞɪɭɝɢ ɟ 
ɡɚɛɟɥɟɠɚɧɚ ɨɛɪɚɬɧɚ ɡɨɧɚɥɧɨɫɬ-ɰɟɧɬɚɪɨɬ ɟ ɩɨɫɢɪɨɦɚɲɟɧ ɫɨ ɫɪɟɛɪɨ ɨɞ 
ɨɛɨɞɧɢɬɟ ɞɟɥɨɜɢ ɧɚ ɡɥɚɬɧɢɬɟ ɚɝɪɟɝɚɬɢ. ȼɨ ɩɨɝɨɥɟɦɢɨɬ ɛɪɨʁ ɨɞ ɢɫɩɢɬɭɜɚɧɢɬɟ 
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ɡɥɚɬɧɢ ɚɝɪɟɝɚɬɢ ɧɟ ɩɨɫɬɨɢ ɧɢɤɚɤɜɚ ɡɚɤɨɧɨɦɟɪɧɨɫɬ ɜɨ ɨɞɧɨɫ ɧɚ ɫɨɞɪɠɢɧɚɬɚ ɧɚ 
ɫɪɟɛɪɨɬɨ.  
Ɉɞ ɨɫɬɚɧɚɬɢɬɟ ɩɪɢɦɟɫɢ ɭɬɜɪɞɟɧɨ ɟ ɩɪɢɫɭɫɬɜɨ ɧɚ  Fe, Cu, Bi, Se, Te. 
ɋɨɞɪɠɢɧɢɬɟ ɧɚ ɠɟɥɟɡɨɬɨ ɫɟ ɞɜɢɠɚɬ ɨɞ 0.01 ɞɨ 1.98%. Ȼɚɤɚɪɨɬ ɟ ɫɨ ɫɨɞɪɠɢɧɢ 
ɞɨ 0.03 ɞɨ 0.84%. Ɉɫɬɚɧɚɬɢɬɟ ɩɪɢɦɟɫɢ ɤɚɤɨ Bi, Se, Te ɫɟ ɦɚɥɤɭ ɡɚɫɬɚɩɟɧɢ ɚ ɜɨ 
ɧɟɤɨɢ ɚɝɪɟɝɚɬɢ ɢ ɨɬɫɭɫɬɜɭɜɚɚɬ. ȼɪɡ ɨɫɧɨɜɚ  ɧɚ ɨɜɢɟ ɩɨɞɚɬɨɰɢ ɦɨɠɟ ɞɚ ɫɟ ɤɚɠɟ 
ɞɟɤɚ  ɡɥɚɬɧɢɬɟ ɚɝɪɟɝɚɬɢ ɜɨ ɰɟɥɢɧɚ ɢɦɚɬ ɯɨɦɨɝɟɧ ɫɨɫɬɚɜ  ɲɬɨ ɧɚɜɟɞɭɜɚ ɧɚ 
ɩɪɟɬɩɨɫɬɚɜɤɚɬɚ ɞɟɤɚ ɡɥɚɬɧɢɬɟ ɚɝɪɟɝɚɬɢ ɩɨɬɟɤɧɭɜɚɚɬ ɨɞ  ɟɞɟɧ ɢɡɜɨɪ [6]. 
ȼɨ ɩɨɬɨɰɢɬɟ: Ȼɨɪɨɜ ɞɨɥ, Ʉɪɭɧɞɢɪɨɜ ɞɨɥ, ɉɟɧɥɢɜ ɞɨɥ ɢɫɬɨ ɬɚɤɚ ɫɟ ɩɪɨɧɚʁɞɟɧɢ 
ɡɥɚɬɧɢ ɚɝɪɟɝɚɬɢ  ɤɨɢ ɫɟ ɤɚɪɚɤɬɟɪɢɡɢɪɚɚɬ ɫɨ ɝɨɥɟɦɚ ɱɢɫɬɨɬɚ. ɋɪɟɞɧɚɬɚ 
ɫɨɞɪɠɢɧɚ ɧɚ ɡɥɚɬɨɬɨ ɫɟ ɞɜɢɠɢ ɨɞ 87.04-98.15%. Ɉɞ ɩɪɢɦɟɫɢɬɟ ɫɨɞɪɠɚɬ: ɫɪɟɛɪɨ 
ɫɨ ɫɪɟɞɧɚ ɫɨɞɪɠɢɧɚ 0.99-11.73%, ɩɨɬɨɚ ɛɚɤɚɪ ɫɨ ɫɨɞɪɠɢɧɢ ɨɞ 0.46-0.6%, ɢ 
ɠɟɥɟɡɨ ɫɨ ɫɪɟɞɧɚ ɫɨɞɪɠɢɧɚ ɨɞ 0.036%, [17].  ɋɨɞɪɠɢɧɚɬɚ ɧɚ ɫɪɟɛɪɨɬɨ ɜɨ 
ɪɚɦɤɢɬɟ ɧɚ ɡɥɚɬɧɢɬɟ ɚɝɪɟɝɚɬɢ ɩɨɤɚɠɭɜɚ ɡɨɧɚɥɧɨɫɬ ɩɪɢ ɲɬɨ ɩɟɪɢɮɟɪɧɢɬɟ 
ɞɟɥɨɜɢ ɫɟ ɨɛɨɝɚɬɟɧɢ ɫɨ ɫɪɟɛɪɨ ɲɬɨ ɩɪɟɬɫɬɚɜɭɜɚ ɟɞɧɚ ɨɞ ɤɚɪɚɤɬɟɪɢɫɬɢɤɢɬɟ ɧɚ 
ɩɨɬɨɱɧɨɬɨ ɡɥɚɬɨ, [2].  
 
3.2. Ʌɨɤɚɥɢɬɟɬ ɉɥɚɜɢɰɚ 
 
Ʌɨɤɚɥɢɬɟɬɨɬ ɉɥɚɜɢɰɚ ɝɢ ɡɚɮɚќɚ ɢɫɬɨɱɧɢɬɟ ɞɟɥɨɜɢ ɨɞ Ʉɪɚɬɨɜɫɤɨ-ɡɥɟɬɨɜɫɤɚɬɚ 
ɜɭɥɤɚɧɫɤɚ ɨɛɥɚɫɬ ɢɥɢ ɩɨɬɨɱɧɨ ɬɨɚ ɟ ɥɨɰɢɪɚɧɨ ɜɨ ɰɟɧɬɪɚɥɧɢɬɟ ɞɟɥɨɜɢ ɧɚ 
ɩɥɚɜɢɱɤɢɨɬ ɜɭɥɤɚɧɫɤɢ ɚɩɚɪɚɬ.  
Ɋɭɞɧɚɬɚ ɦɢɧɟɪɚɥɢɡɚɰɢʁɚ ɧɚ ɉɥɚɜɢɰɚ ɟ ɫɦɟɫɬɟɧɚ ɜɨ ɰɟɧɬɪɚɥɧɢɨɬ ɞɟɥ ɧɚ ɟɞɧɚ 
ɝɨɥɟɦɚ ɧɨ ɪɚɡɨɪɟɧɚ ɤɚɥɞɟɪɚ. ɉɨɥɢɦɟɬɚɥɧɢɬɟ ɛɚɤɚɪɧɢ ɨɪɭɞɧɭɜɚʃɚ ɫɟ 
ɥɨɤɚɥɢɡɢɪɚɧɢ ɜɨ ɫɪɟɞɢɲɧɢɬɟ ɞɟɥɨɜɢ ɧɚ ɉɥɚɜɢɱɤɚɬɚ  ɤɚɥɞɟɪɚ. Ɉɜɢɟ 
ɨɪɭɞɧɭɜɚʃɚ  ɝɟɧɟɬɫɤɢ ɢ ɩɚɪɚɝɟɧɟɬɫɤɢ ɫɟ ɤɨɧɬɪɨɥɢɪɚɧɢ ɨɞ ɫɬɪɭɤɬɭɪɢɬɟ ɧɚ 
ɜɭɥɤɚɧɫɤɢɨɬ ɚɩɚɪɚɬ ɢ ɪɚɡɥɨɦɧɢɬɟ ɫɬɪɭɤɬɭɪɢ. Ɋɭɞɧɚɬɚ ɦɢɧɟɪɚɥɢɡɚɰɢʁɚ ɧɚʁɱɟɫɬɨ 
ɟ ɫɨɡɞɚɜɚɧɚ ɫɨ ɡɚɩɨɥɧɭɜɚʃɟ ɧɚ ɩɪɚɡɧɢɬɟ ɩɪɨɫɬɨɪɢ ɜɨ ɪɚɦɤɢɬɟ ɧɚ ɩɭɤɨɬɢɧɫɤɨ-
ɪɚɫɟɞɧɢɬɟ ɫɢɫɬɟɦɢ, ɠɢɥɢɱɤɢɬɟ, ɩɪɨɠɢɥɰɢɬɟ ɢ ɦɟɬɚɫɨɦɚɬɫɤɢ ɟ ɢɦɩɪɟɝɧɢɪɚɧɚ ɜɨ 
ɯɢɞɪɨɬɟɪɦɚɥɧɨ ɢɡɦɟɧɟɬɢɬɟ ɜɭɥɤɚɧɫɤɢ ɤɚɪɩɢ.  
Хɟɦɢɫɤɢɬɟ ɚɧɚɥɢɡɢ ɧɚ ɩɪɨɧɚʁɞɟɧɢɬɟ ɡɥɚɬɧɢ ɚɝɪɟɝɚɬɢ ɨɞ Ʉɢɫɟɥɢɱɤɢ ɢ ɉɥɚɜɢɱɤɢ 
ɩɨɬɨɤ  ɜɨ ɥɨɤɚɥɢɬɟɬɨɬ ɉɥɚɜɢɰɚ ɩɨɤɚɠɭɜɚɚɬ ɞɟɤɚ ɫɬɚɧɭɜɚ ɡɛɨɪ ɡɚ ɫɚɦɨɪɨɞɧɨ 
ɡɥɚɬɨ ɤɨɟ ɦɨɠɟ ɞɚ ɫɟ ɜɨɜɪɫɬɢ ɜɨ ɝɪɭɩɚɬɚ ɧɚ ɜɢɫɨɤɨɩɪɨɛɧɨ ɡɥɚɬɨ ɫɨ ɫɨɪɠɢɧɢ ɨɞ 
79.01% ɞɨ 97.56%. ɂɫɩɢɬɭɜɚʃɚɬɚ ɩɨɤɚɠɭɜɚɚɬ ɞɟɤɚ ɫɪɟɛɪɨɬɨ ɟ ɟɥɟɦɟɧɬ ɤɨʁ 
ɧɚʁɱɟɫɬɨ ɫɟ ɫɪɟќɚɜɚ ɤɚɤɨ ɩɪɢɦɟɫɚ ɚ ɩɨɧɟɤɨɝɚɲ ɦɨɠɟ ɞɚ ɫɟ ɫɪɟɬɧɟ ɛɚɤɚɪɨɬ ɢ 
ɠɟɥɟɡɨɬɨ ɢ ɬɨɚ ɫɨ ɫɨɞɪɠɢɧɢ ɨɞ ɧɟɤɨɥɤɭ %. ɋɨɞɪɠɢɧɚɬɚ ɧɚ  ɫɪɟɛɪɨ  ɫɟ ɞɜɢɠɢ ɜɨ 
ɝɪɚɧɢɰɢɬɟ ɨɞ 0.18% ɞɨ  ɦɚɤɫɢɦɚɥɧɢɬɟ 21.07%.ɉɪɨɫɟɱɧɚɬɚ ɫɨɞɪɠɢɧɚ  ɧɚ 
ɫɪɟɛɪɨɬɨ ɜɨ ɉɥɚɜɢɰɚ ɢɡɧɟɫɭɜɚ 7.22%.  ɂɫɩɢɬɭɜɚɧɢɬɟ ɡɥɚɬɧɢɬɟ ɚɝɪɟɝɚɬɢ ɫɟ 
ɪɟɥɚɬɢɜɧɨ ɩɨɫɬɨʁɚɧɢ ɜɨ ɫɜɨʁɨɬ ɫɨɫɬɚɜ ɨɞɧɨɫɧɨ ɚɝɪɟɝɚɬɢɬɟ ɫɟ ɯɨɦɨɝɟɧɢ ɲɬɨ 
ɡɧɚɱɢ ɩɪɢɦɟɫɢɬɟ ɧɚ ɫɪɟɛɪɨ ɫɟ ɪɚɦɧɨɦɟɪɧɨ ɪɚɫɩɨɪɟɞɟɧɢ ɜɨ ɰɟɧɬɪɚɥɧɢɬɟ ɢ 
ɨɛɨɞɧɢɬɟ ɞɟɥɨɜɢ. 
Ɉɞ ɨɫɬɚɧɚɬɢɬɟ ɩɪɢɦɟɫɢ  ɜɨ ɡɥɚɬɨɬɨ  ɫɟ ɫɪɟќɚɜɚ ɛɚɤɚɪɨɬ  ɫɨ ɫɨɞɪɠɢɧɢ ɨɞ   0.25 - 
0.68 %. ɀɟɥɟɡɨɬɨ ɟ ɫɨ ɦɧɨɝɭ ɩɨɦɚɥɢ ɫɨɞɪɠɢɧɢ ɤɨɢ ɫɟ ɞɜɢɠɚɬ ɨɞ 0.08 - 0.28%. 
([11]).  
 
3.3. Ʌɨɤɚɥɢɬɟɬ Ȼɨɪɨɜɢќ 
 
Ɇɢɧɟɪɚɥɢɡɢɪɚɧɢɨɬ ɩɪɨɫɬɨɪ ɤɚʁ ɥɨɤɚɥɢɬɟɬɨɬ Ȼɨɪɨɜɢќ ɫɟ ɧɚɨѓɚ ɜɨ ɋɁ ɞɟɥ ɧɚ 
Ʉɪɚɬɨɜɫɤɨ-Ɂɥɟɬɨɜɫɤɢɨɬ ɪɭɞɟɧ ɪɟɨɧ. Ȼɨɪɨɜɢќ ɜɫɭɲɧɨɫɬ ɟ ɟɞɧɚ ɨɞ ɦɧɨɝɭɬɟ  
ɜɭɥɤɚɧɫɤɢ ɦɚɧɢɮɟɫɬɚɰɢɢ ɜɨ Ʉɪɚɬɨɜɫɤɨ-ɡɥɟɬɨɜɫɤɚɬɚ ɨɛɥɚɫɬ. ɉɨɬɨɱɧɨ Ȼɨɪɨɜɢќ 
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ɡɚɮɚќɚ ɞɟɥ ɨɞ ɩɪɨɫɬɨɪɨɬ ɧɚ Ɍɭɪɚɥɟɜɫɤɚɬɚ ɤɚɥɞɟɪɚ ɜɨ ɤɨʁɚ ɫɟ ɩɪɢɫɭɬɧɢ ɩɨɜɟќɟ 
ɜɭɥɤɚɧɫɤɢ ɤɪɚɬɟɪɢ. Ɉɜɨʁ ɞɟɥ ɨɞ ɤɚɥɞɟɪɚɬɚ ɫɟ ɤɚɪɚɤɬɟɪɢɡɢɪɚ ɫɨ ɢɡɪɚɡɢɬɢ 
ɩɨɜɪɲɢɧɫɤɢ ɦɚɧɢɮɟɫɬɚɰɢɢ ɩɪɟɞ ɫɟ ɩɨɜɪɲɢɧɫɤɢ ɚɥɬɟɪɚɰɢɢ ɧɚ ɤɚɪɩɢɬɟ ɤɨɢ ɫɟ 
ɞɨɫɬɚ ɦɚɪɤɚɧɬɧɢ. ȼɞɨɥɠ ɨɜɨʁ ɩɪɨɫɬɨɪ ɫɟ ɩɪɨɛɢɜɚ ɪɟɤɚɬɚ ɉɨɜɢɲɢɰɚ ɩɨ ɱɢʁɚ 
ɞɨɥɢɧɚ, ɧɚ ɩɨɜɪɲɢɧɚɬɚ ɢɡɛɢɜɚɚɬ ɩɨɜɟќɟ ɬɟɪɦɚɥɧɢ ɢɡɜɨɪɢ.  
ɋɨɞɪɠɢɧɚɬɚ ɧɚ ɡɥɚɬɨɬɨ  ɜɨ ɥɨɤɚɥɢɬɟɬɨɬ Ȼɨɪɨɜɢќ ɫɟ ɞɜɢɠɢ ɨɞ 98.31% ɞɨ 
99.94%, ɫɨ ɫɪɟɞɧɚ ɫɨɞɪɠɢɧɚ ɨɞ 97.38%. Ɉɞ ɩɪɢɦɟɫɢɬɟ ɫɨɞɪɠɢ ɫɪɟɛɪɨ ɫɨ 
ɫɪɟɞɧɚ ɫɨɞɪɠɢɧɚ ɨɞ 0.25%, ɛɚɤɚɪ 0.54%, ɠɟɥɟɡɨ 0.1%, ([13]). ȼɚɤɜɢɬɟ ɫɨɞɪɠɢɧɢ 
ɝɨ ɜɛɪɨʁɭɜɚɚɬ ɡɥɚɬɨɬɨ ɜɨ ɝɪɭɩɚɬɚ ɧɚ ɦɧɨɝɭ ɜɢɫɨɤɨɩɪɨɛɧɨ ɡɥɚɬɨ ɤɨɟ ɫɟ 
ɤɚɪɚɤɬɟɪɢɡɢɪɚ ɫɨ ɱɢɫɬɨɬɚ ɨɞ  951-998.  
 
3.4.  Ʉɨɠɭɜɫɤɚ ɨɛɥɚɫɬ 
 
Ʉɨɠɭɜɫɤɚɬɚ ɨɛɥɚɫɬ ɩɪɟɬɫɬɚɜɭɜɚ ɟɞɟɧ ɝɨɥɟɦ ɜɭɥɤɚɧɫɤɢ ɤɨɦɩɥɟɤɫ ɤɨʁ ɫɟ ɧɚɨѓɚ ɜɨ 
ʁɭɠɧɢɨɬ ɞɟɥ ɧɚ Ɋ. Ɇɚɤɟɞɨɧɢʁɚ ɢ ɟ ɪɚɡɜɢɟɧ ɜɨ ɩɪɟɞɟɥɨɬ ɧɚ ɩɥɚɧɢɧɫɤɢɨɬ ɦɚɫɢɜ 
Ʉɨɠɭɮ. ɉɪɟɬɯɨɞɧɢɬɟ ɢɫɬɪɚɠɭɜɚʃɚɬɚ ɭɤɚɠɭɜɚɚɬ ɧɚ ɜɭɥɤɚɧɫɤɚ ɚɤɬɢɜɧɨɫɬ 
ɩɪɟɬɫɬɚɜɟɧɚ ɫɨ ɜɭɥɤɚɧɫɤɢ ɧɟɤɨɜɢ, ɨɞɧɨɫɧɨ ɡɚɦɪɡɧɚɬɢ ɞɨɜɨɞɧɢ ɤɚɧɚɥɢ ɢ ɝɨɥɟɦɚ 
ɤɨɥɢɱɢɧɚ ɧɚ ɩɢɪɨɤɥɚɫɬɢɱɟɧ ɦɚɬɟɪɢʁɚɥ. ɂɫɬɨ ɬɚɤɚ  ɪɟɝɢɫɬɪɢɪɚɧɢ ɫɟ ɢ ɮɟɧɨɦɟɧɢ 
ɧɚ ɩɨɫɬɜɭɥɤɚɧɫɤɚ ɚɤɬɢɜɧɨɫɬ. Ɉɜɞɟ ɟ ɡɧɚɱɚʁɧɨ ɧɚɨѓɚɥɢɲɬɟɬɨ Ⱥɥɲɚɪ. Ɂɚ   
ɝɟɨɥɨɝɢʁɚɬɚ ɧɚ ɨɜɚ ɧɚɨѓɚɥɢɲɬɟ  ɡɧɚɱɚʁɟɧ ɟ ɩɥɢɨɰɟɧɫɤɢɨɬ ɦɚɝɦɚɬɢɡɚɦ  ɡɚ ɤɨʁ ɟ 
ɩɨɜɪɡɚɧɚ Sb-As-Tl-Au-Cu-Pb- Zn ɦɢɧɟɪɚɥɧɚɬɚ ɚɫɨɰɢʁɚɰɢʁɚ.  
ȼɨ ɪɚɦɤɢɬɟ ɧɚ ɨɜɚɚ ɨɛɥɚɫɬ ɛɟɲɟ ɧɚɩɪɚɜɟɧɚ ɩɪɟɥɢɦɢɧɚɪɧɚ ɲɥɢɯɨɜɫɤɚ 
ɩɪɨɫɩɟɤɰɢʁɚ ɩɨ ɬɟɱɟɧɢɟɬɨ ɧɚ ɋɬɚɪɚ ɪɟɤɚ ɢ ɪɟɤɚɬɚ Ʌɭɤɚɪ. 
ɂɫɩɢɬɭɜɚʃɚɬɚ ɧɚ ɯɟɦɢɫɤɢɨɬ ɫɨɫɬɚɜ ɧɚ ɩɪɨɧɚʁɞɟɧɢɬɟ ɡɥɚɬɧɢ ɚɝɪɟɝɚɬɢ ɩɨɤɚɠɚɚ 
ɞɟɤɚ ɫɨɞɪɠɢɧɚɬɚ ɧɚ ɡɥɚɬɨɬɨ ɫɟ ɞɜɢɠɢ ɨɞ  88.87- 99.43%. ɋɨɞɪɠɢɧɢɬɟ ɧɚ ɫɪɟɛɪɨ 
ɫɟ ɞɜɢɠɚɬ ɨɞ 0.09 ɞɨ 11.61%. Ɉɫɬɚɧɚɬɢɬɟ ɩɪɢɦɟɫɢ ɨɞ Fe, Cu, Se, Te  ɢ Bi.  ɫɟ 
ɩɪɢɫɭɬɧɢ ɜɨ ɦɧɨɝɭ ɦɚɥɢ ɫɨɞɪɠɢɧɢ ɩɨɞ 1%. Ɉɜɚ ɭɤɚɠɭɜɚ ɧɚ ɬɨɚ ɞɟɤɚ ɡɥɚɬɨɬɨ ɟ 
ɜɢɫɨɤɨ ɩɪɨɛɧɨ, ([13]). 
 
3.5. ɉɟɤʂɚɧɫɤɚ ɪɟɤɚ ɢ ɩɨɲɢɪɨɤɚɬɚ ɨɤɨɥɢɧɚ 
 
ɉɪɟɬɯɨɞɧɢɬɟ ɢɫɬɪɚɠɭɜɚʃɚ ɤɨɢ ɫɟ ɜɪɲɟɧɢ ɜɨ ɞɪɟɧɚɠɧɢɨɬ ɩɪɨɫɬɨɪ ɧɚ 
ɉɟɤʂɚɧɫɤɚ ɪɟɤɚ ɢ ɩɨɲɢɪɨɤɚɬɚ ɨɤɨɥɢɧɚ ɭɤɚɠɭɜɚɚɬ ɧɚ ɩɨɫɬɨɟʃɟ ɧɚ ɦɚɥɢ ɩɨʁɚɜɢ 
ɧɚ ɡɥɚɬɨ ɤɨɢ ɫɟ ɩɨɜɪɡɚɧɢ ɡɚ ɝɨɪɧɨ ɩɥɢɨɰɟɧɫɤɚɬɚ ɫɟɪɢʁɚ ɧɚ ɩɟɫɨɰɢ ɢ ɱɚɤɚɥɢ ɤɨɢ 
ɫɟ ɩɨʁɚɜɭɜɚɚɬ ɩɨ ɞɨɥɢɧɚɬɚ ɧɚ ɉɟɤʂɚɧɫɤɚ ɪɟɤɚ, Ⱦɪɚɝɨɛɪɚɲɤɚ ɪɟɤɚ ɢ Ɉɫɨʁɧɢɰɚ. 
Ⱦɟɛɟɥɢɧɚɬɚ ɧɚ ɨɜɢɟ ɥɢɬɨɥɨɲɤɢ ɱɥɟɧɨɜɢ ɜɚɪɢɪɚ ɨɞ 6-10 ɦ. 
ɉɨɧɨɜɢɬɟ ɢɫɬɪɚɠɭɜɚʃɚɬɚ ɜɨ ɉɟɤʂɚɧɫɤɚ ɪɟɤɚ ɩɨɤɚɠɚɚ ɞɟɤɚ ɨɜɚ ɩɨɬɨɱɧɨ ɡɥɚɬɨ 
ɫɟ ɤɚɪɚɤɬɟɪɢɡɢɪɚ ɫɨ ɫɨɞɪɠɢɧɚ ɧɚ ɡɥɚɬɨɬɨ ɨɞ 95.03-99.68%. Ɂɚ ɪɚɡɥɢɤɚ ɨɞ ɫɢɬɟ 
ɩɪɟɬɯɨɞɧɢ ɪɟɡɭɥɬɚɬɢ ɜɨ ɡɥɚɬɧɢɬɟ ɚɝɪɟɝɚɬɢ ɤɚɤɨ ɟɥɟɦɟɧɬ ɩɪɢɦɟɫɚ ɩɪɢɫɭɬɧɚ ɟ 
ɠɢɜɚɬɚ ɫɨ ɫɨɞɪɠɢɧɢ ɨɞ 0.8 ɞɨ 4.96%. ɀɟɥɟɡɨɬɨ ɟ ɡɚɫɬɚɩɟɧɨ ɫɨ ɫɨɞɪɠɢɧɢ ɨɞ 
0.1-1.36%. Ȼɚɤɚɪɨɬ ɟ ɡɚɫɬɚɩɟɧɨ ɫɨ ɫɨɞɪɠɢɧɢ ɨɞ 0.1-0.79%. Ɇɧɨɝɭ ɩɨɦɚɥɤɭ ɤɚɤɨ 
ɩɪɢɦɟɫɢ ɫɟ ɡɚɫɬɚɩɟɧɢ ɬɟɥɭɪɨɬ ɢ ɚɪɫɟɧɨɬ, [15]). ȿɜɢɞɟɧɬɧɨ ɟ ɞɟɤɚ ɫɪɟɛɪɨɬɨ ɤɚɤɨ 
ɧɚʁɱɟɫɬɨ ɡɚɫɬɚɩɟɧ ɟɥɟɦɟɧɬ ɩɪɢɦɟɫɚ ɧɟ ɟ ɨɜɞɟ ɡɚɫɬɚɩɟɧɨ.  
ȼɪɡ ɨɫɧɨɜɚ ɧɚ ɫɢɬɟ ɨɜɢɟ ɩɨɞɚɬɨɰɢ ɦɨɠɟ ɞɚ ɫɟ ɤɚɠɟ ɞɟɤɚ ɡɥɚɬɨɬɨ ɜɨ ɫɢɬɟ 
ɥɨɤɚɥɢɬɟɬɢ ɫɟ ɤɚɪɚɤɬɟɪɢɡɢɪɚ ɫɨ ɝɨɥɟɦɚ ɱɢɫɬɨɬɚ. ɉɨɬɨɱɧɨɬɨ ɡɥɚɬɨ  ɢɦɚ 
ɩɨɝɨɥɟɦɚ ɮɢɧɨќɚ (ɱɢɫɬɨɬɚ) ɨɬɤɨɥɤɭ ɩɪɢɦɚɪɧɨɬɨ ɡɥɚɬɨ. ɋɟɩɚɤ ɞɟɬɚɥɧɢɬɟ 
ɚɧɚɥɢɡɢ ɩɨɤɚɠɭɜɚɚɬ ɞɟɤɚ ɩɪɨɫɟɱɧɨ ɡɝɨɥɟɦɭɜɚʃɟ ɧɚ ɮɢɧɨќɚɬɚ ɫɟ ɞɨɥɠɢ ɧɚ 
ɮɨɪɦɢɪɚʃɟɬɨ ɧɚ ɜɢɫɨɤɚ ɮɢɧɨɤɚ ɩɨ  ɪɚɛɨɜɢɬɟ, ɞɨɞɟɤɚ ʁɚɞɪɨɬɨ ɧɚ ɡɥɚɬɧɢɬɟ ɡɪɧɚ 
ɨɫɬɚɧɭɜɚ ɫɨ ɫɥɢɱɟɧ  ɫɨɫɬɚɜ ɤɚɤɨ ɜɨ ɩɪɢɦɚɪɧɢɨɬ ɢɡɜɨɪ, ([2]). 
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ȼɨ ɫɢɬɟ ɥɨɤɚɥɢɬɟɬɢ ɫɨ ɢɤɥɭɱɨɤ ɧɚ ɡɥɚɬɧɢɬɟ ɚɝɪɟɝɚɬɢ ɨɞ ɉɟɤʂɚɧɫɤɚ ɪɟɤɚ ɤɚɤɨ 
ɩɪɢɦɟɫɢ ɫɨɞɪɠɚɬ ɧɚʁɦɧɨɝɭ ɫɪɟɛɪɨ, ɫɨ ɩɨɦɚɥɢ ɤɨɥɢɱɢɧɢ ɧɚ ɛɚɤɚɪ, ɠɟɥɟɡɨ, ɬɟɥɭɪ 
ɫɟɥɟɧ ɢ ɞɪ. Ɂɥɚɬɧɢɬɟ ɚɝɪɟɝɚɬɢ ɨɞ ɉɟɤʂɚɧɫɤɚ ɪɟɤɚ, ɜɨ ɫɜɨʁɨɬ ɫɨɫɬɚɜ ɤɚɤɨ 
ɟɥɟɦɟɧɬ ɩɪɢɦɟɫɚ ʁɚ ɢɦɚɚɬ ɠɢɜɚɬɚ ɞɨɞɟɤɚ ɫɪɟɛɪɨɬɨ ɨɬɫɭɫɬɜɭɜɚ. ɇɨ ɢ ɜɨ ɨɜɨʁ 
ɫɥɭɱɚʁ ɜɚɤɜɢɨɬ  ɯɟɦɢɫɤɢ ɫɨɫɬɚɜ,  ɦɚɥɚɬɚ ɜɚɪɢʁɚɰɢʁɚ ɜɨ ɮɢɧɨќɚɬɚ ɧɚ ɡɥɚɬɨ ɢ 




ȼɪɡ ɨɫɧɨɜɚ ɧɚ ɩɪɢɥɨɠɟɧɢɬɟ ɪɟɡɭɥɬɚɬɢ ɡɚ ɯɟɦɢɫɤɢɨɬ ɫɨɫɬɚɜ ɧɚ ɡɥɚɬɧɢɬɟ 
ɚɝɪɟɝɚɬɢ ɜɨ ɢɡɛɪɚɧɢɬɟ ɥɨɤɚɥɚɢɬɟɬɢ ɨɞ Ɋ. Ɇɚɤɟɞɨɧɢʁɚ ɦɨɠɟ ɞɚ ɫɟ ɤɚɠɟ ɞɟɤɚ ɜɨ 
Ɋ. Ɇɚɤɟɞɨɧɢʁɚ ɟ ɩɪɢɫɭɬɧɨ ɚɥɭɜɢʁɚɥɧɨɬɨ-ɩɨɬɨɱɧɨ ɡɥɚɬɨ ɤɨɟ ɫɟ ɤɚɪɚɤɬɟɪɢɡɢɪɚ ɫɨ 
ɝɨɥɟɦɚ ɱɢɫɬɨɬɚ. 
- ȼɨ ɥɨɤɚɥɢɬɟɬɨɬ Ȼɨɪɨɜ Ⱦɨɥ ɩɪɨɧɚʁɞɟɧɢɬɟ ɡɥɚɬɧɢ ɚɝɪɟɝɚɬɢ ɨɞ ɩɨɬɨɤɨɬ  
Ɇɟɱɤɢɧ ɞɨɥ ɫɟ ɤɚɪɚɤɬɟɪɢɡɪɚ ɫɨ ɜɢɫɨɤɚ ɱɢɫɬɨɬɚ ɢ ɫɩɚѓɚ ɜɨ ɝɪɭɩɚɬɚ ɧɚ 
ɜɢɫɨɤɨɩɪɨɛɧɨ ɢ ɦɧɨɝɭ ɜɢɨɤɨɩɪɨɛɧɨ ɡɥɚɬɨ ɫɨ ɫɨɞɪɠɢɧɢ ɨɞ  92 % ɞɨ ɦɚɤɫɢɦɚɥɧɢ 
99%. Ɉɞ ɩɪɢɦɟɫɢɬɟ ɫɨɞɪɠɢ: ɫɪɟɛɪɨ, ɛɚɤɚɪ, ɠɟɥɟɡɨ ɢ ɦɧɨɝɭ ɦɚɥɤɭ ɛɢɡɦɭɬ, ɫɟɥɟɧ 
ɢ ɬɟɥɭɪ.   
- ȼɨ ɩɨɬɨɰɢɬɟ: Ȼɨɪɨɜ ɞɨɥ ɉɟɧɥɢɜ ɞɨɥ, Ʉɪɭɧɞɢɪɨɜ ɞɨɥ ɡɥɚɬɨɬɨ ɟ ɢɫɬɨ ɬɚɤɚ 
ɜɢɫɨɤɨɩɪɨɛɧɨ ɫɨ ɫɨɞɪɠɢɧɢ ɨɞ 87.04-98.15%. Ɉɞ ɩɪɢɦɟɫɢɬɟ ɫɨɞɪɠɚɬ: ɫɪɟɛɪɨ,  
ɛɚɤɚɪ ɢ ɠɟɥɟɡɨ.   
- Хɟɦɢɫɤɢɬɟ ɚɧɚɥɢɡɢ ɧɚ ɩɪɨɧɚʁɞɟɧɢɬɟ ɡɥɚɬɧɢ ɚɝɪɟɝɚɬɢ ɨɞ Ʉɢɫɟɥɢɱɤɢ ɢ 
ɉɥɚɜɢɱɤɢ ɩɨɬɨɤ  ɜɨ ɥɨɤɚɥɢɬɟɬɨɬ ɉɥɚɜɢɰɚ ɩɨɤɚɠɭɜɚɚɬ ɞɟɤɚ ɫɬɚɧɭɜɚ ɡɛɨɪ ɡɚ 
ɫɚɦɨɪɨɞɧɨ ɡɥɚɬɨ ɤɨɟ ɦɨɠɟ ɞɚ ɫɟ ɜɨɜɪɫɬɢ ɜɨ ɝɪɭɩɚɬɚ ɧɚ ɜɢɫɨɤɨɩɪɨɛɧɨ ɡɥɚɬɨ ɫɨ 
ɫɨɪɠɢɧɢ ɨɞ 79.01% ɞɨ 97.56%.  Ɉɞ ɫɩɨɪɟɞɧɢɬɟ ɟɥɟɦɟɧɬɢ ɫɨɞɪɠɢ:  ɫɪɟɛɪɨ,  
ɛɚɤɚɪ,   ɠɟɥɟɡɨ.   
- ɋɨɞɪɠɢɧɚɬɚ ɧɚ ɡɥɚɬɨɬɨ  ɜɨ ɥɨɤɚɥɢɬɟɬɨɬ Ȼɨɪɨɜɢќ ɫɟ ɞɜɢɠɢ ɨɞ 98.31% ɞɨ 
99.94%. Ɉɞ ɩɪɢɦɟɫɢɬɟ ɫɨɞɪɠɢ ɫɪɟɛɪɨ, ɛɚɤɚɪ ɢ ɠɟɥɟɡɨ. 
- ɂɫɩɢɬɭɜɚʃɚɬɚ ɧɚ ɯɟɦɢɫɤɢɨɬ ɫɨɫɬɚɜ ɧɚ ɩɪɨɧɚʁɞɟɧɢɬɟ ɡɥɚɬɧɢ ɚɝɪɟɝɚɬɢ ɩɨ 
ɬɟɱɟɧɢɟɬɨ ɧɚ ɋɬɚɪɚ ɪɟɤɚ ɢ ɪɟɤɚɬɚ Ʌɭɤɚɪ, ɩɨɤɚɠɚɚ ɞɟɤɚ ɫɨɞɪɠɢɧɚɬɚ ɧɚ ɡɥɚɬɨɬɨ 
ɫɟ ɞɜɢɠɢ ɨɞ  88.87- 99.43%. ɨɞ ɫɩɨɪɟɞɧɢɬɟ ɟɥɟɦɟɧɬɢ ɫɨɞɪɠɢ ɫɪɟɛɪɨ ɚ 
ɠɟɥɟɡɨɬɨ ɛɚɤɚɪɨɬ ɫɟɥɟɧɬɨ ɢ ɬɟɥɭɪɨɬ  ɜɨ ɦɧɨɝɭ ɦɚɥɢ ɫɨɞɪɠɢɧɢ ɩɨɞ 1%.  
- ɂɫɬɪɚɠɭɜɚʃɚɬɚ ɜɨ ɉɟɤʂɚɧɫɤɚ ɪɟɤɚ ɩɨɤɚɠɚɚ ɞɟɤɚ ɨɜɚ ɩɨɬɨɱɧɨ ɡɥɚɬɨ ɫɟ 
ɤɚɪɚɤɬɟɪɢɡɢɪɚ ɫɨ ɫɨɞɪɠɢɧɚ ɧɚ ɡɥɚɬɨɬɨ ɨɞ 95.03-99.68%. ȼɨ ɡɥɚɬɧɢɬɟ ɚɝɪɟɝɚɬɢ 
ɤɚɤɨ ɟɥɟɦɟɧɬ ɩɪɢɦɟɫɚ ɩɪɢɫɭɬɧɚ ɟ ɠɢɜɚɬɚ,  ɠɟɥɟɡɨɬɨ ɢ ɛɚɤɚɪɨɬ. Ɇɧɨɝɭ ɩɨɦɚɥɤɭ 
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